Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



THE STUDENT'S GUIDE 



TO THE 



LOCOMOTIVE ENGINE 

BBIMO 

or 

THE DIFFERENT MODES OF CONSTRUCTING LOCOMOTIVES, 

DETAILS OF THEIR COMPONENT PARTS, AND THE 

NATURE OF THEIR EMPLOYMENT. 



WITH 



OBSEBVATIONS ON THE MANAGEMENT OF LOCOMOTIVES. 



ILUirrRATED BY SEVENTY-TWO COPPER-PLATE ENQRAVINOS. 



LONDON: 

JOHN WILLIAMS AND CO. 
141, STRAND, (LATE CADELL'a) 

1849. 



ADVERTISEMENT. 






V 



Vv 

r^ 



k 



This Introduction to the Locomotive Steam 
Engine consists principally of a Translation from 
the French, from the works of authors of high 

^ reputation.* The subject being so important and 

valuable, the Publishers deem it unnecessary to 

? offer any further apology, than that they trust it 

will supply the wants of Students requiring a 

^- knowledge of to highly toterertmg specimen of 

^ modem .ienee ^ mechanic^ i^ui.^. 
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CHAPTER I. 



GENEBAL OBSEEVATIONS ON LOCOMOTIVE ENGINES. 

1. A short Description of a Locomotive Engine. — A loco- 
motive engine is a steam engine with two cylinders, formed 
on the high-pressure principle, without a condenser. The 
motion of the pistons is caused by the introduction of steam 
into the cylinders and its alternate escape, which is trans- 
mitted by means of connecting rods to an axle, furnished with 
two cranks. The alternating motion of the pistons causes 
this axle to turn round, and two wheels of large diameter are 
attached to it, which likewise partake of the rotative move- 
ment, and thereby displace or carry the engine along. 

The boilers of locomotive engines are constructed in a pecu- 
liar manner; the fire being inclosed in a box having a double 
casing, with a body of water between. The air enters between 
the grate-bars. The smoke, flame, and gas, produced by the 
combustion of the fuel pass through, in their way to the 
chimney, a great number of tubes, which are situated in the 
cyUndric part of the boiler, and extend from the fire-box to 
the smoke-box, and they are surrounded by water. These 
tubes, being of very small diameter, would not pass off the 
flame and gas with sufficient rapidity if they were not urged 

c 
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by a powerful draught; this is also rendered necessaiy to 
overcome the friction^ and the resistance offered by the cold 
air within them. 

2. Of the Draught. — The draught is employed to produce 
a fresh supply of air in the fire-grate^ and thereby supply the 
oxygen necessaiy for the combustion of the coke ; it is accom- 
plished by allowing the waste-steam to escape at a tolerably 
high pressure, after it has fulfilled its office in the cylinders, 
and imparted to the pistons the alternative movement which 
is converted into a rotative motion for the wheels. This 
steam is conveyed from the cylinders to the chimney by a 
pipe, the upper end of which is contracted for the purpose of 
confining it, and checking its too rapid escape. It passes off 
at regular intervals, according to the velocity of the engine, 
and tibe force of each puff depends upon the pressure of the 
steam. The velocity of the steam in the blast-pipe is equal to 
that due to the initial pressure of the steam, whatever may be 
the size of the mouth of egress ; but the pressure is at once 
reduced if the sizte of the orifice* be considerable — i1^ on the 
contrary, it is made small, the pressure is less affected. The 
reduction of the orifice, therefore, increases the length of time 
which the steam takes to escape, but not its initial speed ; and 
it results fit)m this augmentation of time, that when the engine 
is working with great velocity, and the intervals of escape are 
very short, the pressiure of the waste steam is, to a certain 
extent, almost constantly exerted in an opposite direction to 
the motion of the pistons, and consequently opposes the pro- 
gress of the engine. 

The great speed with which the steam escapes in the 
chimney imparts to the air around it a corresponding velocity ; 
and this air can only be replaced by a current passing from 
the grate through die fire and tubes. The draught is thus 
excited of produced by suction,! instead of being effected by 
means of blowing.^ 

* t. e. of the orifice of the blast-pipe, 
t "Aspiration." «* Insufflation." 
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We should observe that the contraction of the blast-pipe at 
its upper extremity, being for the purpose of checking the 
escape of the steam, and prolonging the time of its engage- 
ment, a continued pressure of waste steam is consequently 
the result, which should be regulated by proper rules or 
laws, as it ought not to exceed more than is necessary. This 
pressure is therefore an obstacle to the progress of the engine, 
in consequence of the draught invariably having the effect of 
absorbing a notable part of the power of the engine. Its in- 
fluence, however, is not felt when moving at a slow velocity, 
on account of the intervals being longer, which gives more 
time for the steam to escape ; but when the speed is great, the 
piston-strokes are so rapid that the pressure of steam in the 
blast-pipe is almost continuous. This pressure, consequently, 
forms a resistance to the motion of the piston almost equal to 
the power which impels it* We have frequently observed 
that the greatest speed which a locomotive ordinarily attains is 
from five-eighths to rather more than three-quarters of a mile 
per minute, when the reduction of force arising from the 
velocity of the steam upon entering the cylinders, and the 
resistance it experiences in passing out of the blast-pipe, ap- 
proach towards an equilibrium with the power of the engine. 
This is both caused by the resistance of the work, and the 
difficulty which the steam finds in escaping. 

Considering the great difference between the power and the 
resistance, when a locomotive engine first starts with a train, 
one would be inclined to expect that the accelerating force would 
impart to the tridn a much greater speed than what it really 
attains; for it is known that the principal resistance which 
has to be overcome — ^viz., the co-efficient of the fiiction of the 
train on the rails — is not increased by the speed. Therefore 
the resistance of the air on the one part, and of the spent 

* The number of puffis, or steam-escapements, per second, at a rate of 
rather more than thirty-seven miles an hour, and with wheels five feet three 
inches in diameter, amount to about 13*2, and the number of revolutions 
are about 12,000 per hour, or 3*3 per second. 

C2 
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Steam on the other, must merease very rapidly with the speed, 
since the acceleration of the steam is so soon overcome from 
the effect of these two forces, aided by the increase of the 
general resistance of the engine. These considerations satis- 
&ctorily account for the first stroke of the piston being so 
very powerful, since, it being at that moment motionless, with- 
out any velocity whatever, the steam consequendy acts in 
the cylinders with the same elastic force that it possessed when 
in the boiler. 

The draught is, nevertheless, the means of producing suffi- 
cent steam for a rapid transit of the engine : it draws the air 
into the fire-grate, which is equally necessary with the coke, 
the combustion of which produces the caloric, whereby the 
water is converted into steam. 

A locomotive engine is formed of several distinct parts, 
which the conductor should be well acquainted with. 

3. Of the Boiler. — The boiler is the most important part of 
the engine. There is a fire-box connected with it, the bottom 
of which supports the grate-bars, and the four sides are 
formed double, in such a manner as to allow of "a space of 
2^ to 4 inches between them, which is occupied by water ; 
the fire-box is therefore surrounded by that element It is 
very important to preserve a sufficient width of water space, 
otherwise the velocity of the steam at this part of the boiler 
would prevent the water being replaced with sufficient ra- 
pidity, the great heat to which the fire-box is exposed pro- 
ducing steam of very great force ; the walls, also, fix>m not 
being sufficiently cooled by the water, would acquire a high 
degree of temperature, which would likewise promote the 
formation of incrustations — ^the space would consequently be- 
come filled up, and the casing soon destroyed firbm the action 
of the fire. This serious inconvenience has occurred in 
boilers where the water-space has been made 2 or 2^ inches. 
The top of the fire-box is strengthened by pieces of iron, that 
the force of the steam may not rupture it ; and the whole of 
the flat portions of the boiler, being unable to resist the pres- 
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sure of the steam within^ are also strongly secured together 
by bolts to prevent their giving way ; but this is unnecessary 
with the cylindric portion of the boiler, which resists the pres- 
sure without the slightest tendency to rupture. This part is 
traversed by 100 to 150 brass tubes, through which the flame 
and the gas produced from the fuel escape — also the uncon- 
sumed air from the fire, as previously stated. The extremities 
of the tubes are secured to the plates at each end of the 
boiler. 

Considering the complication of this casing, one can readily 
conceive the great play of expansion and contraction produced 
by the rise and fall of the temperature, and how much the 
action of such powerfril forces tends to wear it out, and to 
occasion shocks which the several surfaces exposed to the 
pressure of the steam are unequal to withstand, their form 
being unfavourable to it; thus, the flat .parts become the 
soonest deranged. Another circumstance which increases 
these defects arises from the two extreme parts of the boiler 
being secured together, partly by the frame and partly by the 
rails or cro8s*pieces. The latter are attached to the lining of 
the fire-box at one end, and to the smoke-box at the other, 
and are kept cool by the air, and, therefore, are not subjected 
to those alternate changes which the body of the boiler under- 
goes. As long as they remain fixed in their original position, 
they ofier resistance to the play of the other parts, but when 
at length they become unfastened, they afibrd a passage of 
escape to the water of the boiler. This great defect might be 
easily remedied by the manu&cturer, there being no necessity 
for securing the cross-pieces to the fire-box in so strong a 
manner, since they are not intended to fasten the back part of 
the boiler to the front We must conclude, from all these 
forces acting against each other, that locomotive engines pos- 
sess some degree of elasticity in their several joinings and 
fastenings, although difiicult to be perceived, and which, so 
far from impeding their progress, actually renders it, after a 
time, more easy than before. 
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When the several parts of an engine are constructed of un- 
equal proportions, the weaker parts yield to the stronger, and 
therefore sufiPer : the manu£Eicturer should direct his attenticm 
to those forms which will unite sufficient strength with the 
requisite lightness, in order to acquire the proper elasticity 
throughout the whole contrivance. 

The fire-box supports the grate, as we have before observed, 
the bars being moveable, that the fire may be more readily 
removed when occasion requires it 

The surface of the grate varies firom 236 inches to about 
393 inches. The last dimensions are generally applied now, 
as they render the motion of the engine more easy and ensure 
regularity in the transmission of the trains, even with heavy 
loads, or with ordinary trains upon steep inclines. They also 
produce an economy in fuel, the driver being enabled to 
regulate the draught according to the supply of steam that 
may be required, by means of the damper which was invented 
by Mr. Stephenson. The economy attending great fires arises 
from the heat being proportionately much more regular than 
with small ones, although this is partly absorbed by the loss of 
coke falling between the grate-bars. The large grates contain 
nearly half as much more fuel than the smaller ones. It is 
possible that the rise of temperature, produced by the burning 
of such a large body of coke, exerts an un&vourable influence 
on the flat sides of the fire-box, the dimensions of which are 
so considerable. Experience alone can determine which 
packs the best ; we are more inclined to recommend an in- 
crease in the depth of the fire-box than in the surface of the 
grate. It is probable that an increase in the depth of the grate, 
combined with the employment of a fuel so little inclined to 
cake as coke, would be found more advantageous than enlarge 
ing its surface, since the passage of the air through a great 
thickness of coke would raise a large quantity of it to the 
temperature necessary for its combustion, instead of passing 
through the fire unconsumed, as it does, when filled with too 
lai^e pieces or laid too thin. 
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We have only to remark, in addition to our description of the 
boilers of locomotive engines, that the casing should, at the same 
time, possess great strength and pliability : thus, where a very 
powerful draught is created from a rapid succession o{ puffs of 
high-pressure steam, the heat of the fire gives a high temperature 
to the several sur&ces of the fire-box and tubes, and steam of 
extraordinaiy power is generated ; but if the door of the fire- 
box be opened, a large quantity of cold air is admitted, or, if 
the pumps be held open too^long, the air introduces itself into 
the boiler, and instantly checks the generation of steam ; the 
pressure is consequently diminished^ and at length becomes 
unequal to a rapid transit of the engine. 

In locomotive, as in stationary engines, the whole of the 
parts in contact with fuel, flame, and hot air, should be covered 
with water: numerous inconveniences arise from neglecting 
this precaution, the burning of the uncovered parts being the 
most general It also renders them more likely to rupture, 
since diose portions which are burnt firom being in contact 
with the flame lose their strength, and yield to the pressure 
of the steam. But the most serious consequences occur if the 
uncovered portions are allowed to become red hot, and a 
quantity of water sufficient to cover them is suddenly let into 
the boiler; the production of steam is so rapid, that it becomes 
too considerable to be wholly carried off by the slides and 
valves, and an explosion consequently follows. We are not, 
however, aware of a single instance of an accident of this 
kind having occurred with a locomotive engine, as the drivers 
take care to throw away the fire^ or diminish its intensity, 
before filling the boilers, and thus give the parts which are 
covered with water time to cooL 

If the level of the water in the boiler should happen to be 
below the top of the fire-bdx at the time of departure of 
the train, and the parts uncovered should become red-hot, it 
would not fail to occur from the phenomena before described ; 
and, fiuthermore, from the artificial rise in the level of the water. 
As the production of steam increased, the red parts would be 
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instantly covered with water, and cause the generation of a 
body of steam of greater pressure than the valves could carry 
off. This kind of accident is, however, almost impossible, as 
the water in the boiler is, on the contrary, always in excess at 
the time of departure. Another provision for the protection 
of boilers consists in making the safety-valves capable of letting 
off all the steam that can be produced, and in loading them 
with a pressure much less than what the boiler can support 
The boilers of locomotive engine» are able to support a pres- 
sure of fifteen atmospheres, in a cold state, without alteration, 
which is the lawful and customary proo£ When in a heated 
state, the pressure seldom equals seven atmospheres. It 
should not in general be more than five atmospheres during 
the transit, inclusive of the atmospheric pressurcy and four atmo- 
spheres when stationary. 

Another very essential point for the preservation of boilers 
ia to prevent the formation of deposits. These arise from the 
calcareous matter disengaged from the water when it is con- 
verted into steam, and which is not wholly carried away with 
it, but an earthy matter is left, which is constantly increasing 
in bulk. These incrustations become fixed principally on 
those parts where the greater portion of the steam is gene- 
rated; and, as they acquire thickness, it results that less steam 
is produced, fi*om their being bad conductors of heat: the 
metal upon which they are fixed is heated to a much higher 
degree than the other parts, as it is not cooled by immediate 
contact with the water. This rise in the temperature of the 
metal increases the action of dilatation, and renders it less able 
to resist the pressure ; it also has the effect of burning it : the 
boiler, therefore, requires to be often cleaned, which operation 
we shall describe hereafter. 

There are several ways of avoiding incrustation, one of 
which consists of placing plastic clay in the boilers to prevent 
the deposit hardening; another, of putting some colourable 
substance into the tender, such as the chips or shavings of 
logwood, wrapped in a cloth or placed in a willow basket; the 
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water of the tender^ being often heated^ will mix witii a sufB- 
cient quantity of dye to prevent the deposit sticking. 

This incrustation is the most powerful destroyer of locomo- 
tive engines^ and it is of the greatest importance to find some 
means of getting rid of it. 

4. Of the Phenomena connected with the Generation of Steam. 
— Some of the phenomena which take place in the genera- 
tion of steam are very necessary to be known. When the 
grate throws out so much heat, that the escape of the steam 
from the cyluider is suflBciently strong to cause a powerful 
draughty then the power of generating steam attains its maxi- 
mum ; at which instant, the bulk of the water in the boiler rises 
artificially to the height of two to three inches. This is caused 
by the rapid passage of the particles of steam through the 
water, which has the effect of increasing its volume. As soon 
as the regulator is shut, the emission of steam is suspended 
and the water takes its natural level — also when cold water is 
injected into the boiler, which, in proportion as it is intro- 
duced, condenses those particles of steam with which it comes 
in contact in the mass of heated water, and thus restores the 
density it had lost It results, that the level of the water 
remains constantly at the same mark as long as it continues 
to be fed, and that the introduction of water is only perceiv- 
able by the reduction of the pressure. The artificial rise of 
the water is also much greater towards the steam entrance 
than at the other parts of the boiler; it therefore follows, that 
the phenomenon is strongly exhibited in engines in which 
the gauge-tubes are placed near the steam entrance, and when 
the water-space of the double casing enclosing the fire-box is 
formed too narrow. 

Another fact equally important to be known is the disposi- 
tion of all locomotive engines, more or less, to carry away a 
quantity of water into the cylinders with the steam. This 
inconvenience arises from various causes. It may arise from 
the manufacturer forming the regulator with too great an open- 
ing, which diminishes the pressure, and imparts a considerable 
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degree of ardour to the ebullition, so that the several particles 
forming the water rise and pass out with the steam ; or, from 
filling the boiler so full that the water rises up beneath the 
dome over the steam entrance, and is conveyed into the steam 
entrance-pipe with the same velocity as the steam : lastly, it 
may occur from greasy matters having been introduced, and 
got spread over the interior sides of the boiler, which, becoming 
mixed with the water, give it a property analogous to that of 
milk when submitted to an ebullition, and the quantity of 
water engaged by the steam in this case is very considerable. 

The causes which produce priming depend upon the con- 
struction of the engine : it either results from the small diameter 
of the dome — its want of height, or the space reserved for 
steam above the surface of the water being too small, which 
causes the steam to acquire too great a velocity, whereby it 
has not time to drain; or the dome being placed over the 
fire-box, which is too often the case — that is to say, it is 
placed at that part where the evaporisation is greatest, and 
the particles of water are in the strongest agitation. 

The way to separate the steam from these particles of water, 
before its departure from the boiler, in each of the cases before 
stated, is to shut the regulator, and subsequently to open it by 
degprees when the water is only bubbling, which has the efiPect 
of stopping the current of the steam, and rendering its pres- 
sure in the boiler greater than it was before, and comparatively 
less in the steam-pipe leading to the cylinders ; the quantity 
of steam let off by the regulator also ceases to equal the total 
production of the boiler; the power of the ebullition is 
arrested : the pressure of the steam above the sur&ce of the 
water being now equal to that of the steam generated beneath 
the surface, the latter is consequently prevented rising, and 
thus the steam has time to disembarrass itself of the water in 
suspension previous to entering the cylinders. 

By reducing the aperture of the regulator, the velocity of 
the steam passing to the cylinder is increased, arising frx)m 
the difference between the pressure in the boiler and the 
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preflsure in the steam-pipes to the cylinders. The power of 
the engine would be diminished, if an engine were worked 
with greater or smaller power, accordingly as the regulator 
was more or less opened ; but this law is far from being con- 
stant in practice, and a driver would be much deceived if, 
with a view of obtaining the highest speed of an engine, and 
the greatest amount of traction with a considerable load,- he 
opened the regulator to the utmost extent Experience 
proves that, in this case, there is an ab6(Nrption of steam which 
is not in proportion with the maximum of useful effect The 
quantity of water in the boiler also becomes diminished after 
a short time, if the regulator is kept entirely open, to such 
an extent, that the feeding beiBomes veiy difficult without 
cooling the boiler, so that the amount of steam and the 
power are rendered insufficient to propel the engine. This 
arises from the quantity of water that the steam carries with 
it, and the mode of constructing the boiler, and in the diffi- 
culty, nay, almost incompetency, of the engine to fiunish a 
supply of steam equal to its rapid ejection from the cylinders 
at high velocities. The generation of steam at the moment 
of starting an engine, produced by the passage of the flame 
through- die tubes, increases the volume of the water, and 
mechanically diminishes its density, when the level of the 
water consequently rises in the boiler. Therefore, unless the 
whole of the steam passed out without the water which it 
held in suspension, on account of the latter being arrested by 
a pressure in the boiler superior to the force in the steam- 
pipe, then this water would be carried by the current (rf* the 
steam, would continue to rise with it, and be drawn into the 
cylinder, and from thence pass out into the air. The aper- 
ture of the regulator should therefore be diminished in such 
a proportion, that the pressure in the boiler shall exceed that 
in the steam-pipe. The steam drains better when under the 
influence of diis pressure, doubtless irom a kind of attraction 
arising from the difference in the density of water and steam, 
the effects of which are felt more than usual on these occa- 
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sioDS, and the steam escapes from the water held in suspen- 
sion solely by reason of the velocity of its ascent. The proof 
that the artificial rise of the water in the boiler is produced by 
none other than the mechanical action of the rise of steam in 
the pipes is, that when the regulator is shut, the water imme* 
diately falls to its proper level. 

This Ml in the level of the water in the boiler, which occurs 
every time the aperture of departure is closed or partially 
reduced, depends on the physical law of the generation of 
steam under different pressures. 

Water, in common with all other liquids, is in its natural 
state of union when at certain temperatures and at certain 
pressures only ; thus, the conversion of liquids into steam is 
influenced by these two circumstances — ^viz., the temperature 
and the pressure. If the pressure exerted on a liquid be 
reduced, the temperature remaining the same, a point will be 
arrived at when ebullition will occur — thus, water will boil at 
the temperature of 66%* by reducing the pressiu^ on its sur- 
face to 0*25 of an atmosphere. If, on the other hand, we 
increase the temperature and leave the pressure the same, we 
shall still be able to convert the water into steam ; for water, 
when under the influence of the common atmospheric pressure, 
does not change its physical state until it reaches 100^; and 
if the pressure is increased to two atmospheres, evaporation 
will not take place until it is 121^ 55.* It is on the relation 
existing between the temperature and the pressure, rather 
than the generation of steam, that the fall of the level of the 
water in the boiler depends, as, when the mouth of egression 
is contracted, or any other cause, the pressure on the liquid is 
increased: and, moreover, when the temperature of the 
water does not immediately rise to a corresponding degree to 
the pressure, supposing the latter to be suddenly increased, 
the evaporation actually ceases for a certain period, and is 
only renewed upon the transmission of the requisite quantity 
of heat from the fire-grate and tubes. 

* Of the centigrade thermometer. 
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We can also readily account for the rise of the level of the 
water in the boiler, fix)m the circumstance of its ebullition 
only ; indeed, the presence of the steam-bubbles must neces- 
sarily have the effect of displacing the water, and causing it to 
occupy a bulk of much greater volume. 

5. Of the Economy of Fuel, — We have before observed, 
that the dimensions of the fire-grates of new engines are made 
much larger than those constructed previously, from which a 
much greater force of evaporation has resulted, the quantity 
of fuel which they contain being considerable, and the surface 
of the furnace so much extended. 

The manufacturers at length thought proper to proportion 
the increase of the fire to that of the cylinders ; but the power 
of the draught, resulting firom a greater quantity of steam 
being discharged up the chimney, so increased the effects of 
the mass in combustion, that the generation of steam quite 
exceeded the ordinary wants of the engine. 

This circumstance leads us to enter into some considerar 
tions on the economy of fuel employed in the working of 
locomotive engines. 

The small engines, furnished with 11 to 12-inch cylinders, 
and with grates firom 256 to 275 inches square, do not gene- 
rate more steam than can be delivered at the cylinders with a 
velocity of 22 miles an hour, with a mean pressure of three 
atmospheres, which is sufficient to impel ordinary trains; 
indeed, a less power* is often sufficient, when the engine con- 
sequently goes faster. 

In the new engines of larger dimensions, the surface of the 
furnace having been increased in a greater proportion than 
the cylinders, they are able to maintain the speed of 22 miles, 
by keeping the steam which feeds the cylinders at a pressure 
of three and a half atmospheres, which is requisite, to enable 
them to work the ordinary trains upon grades of 1 in 200 ; 
but the engines of this class running upon the St Germain's 
railway generate steam in much too great quantities — Whence 
the necessity of regulating the fueL 
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The means employed by the engine-drivers of the present 
time in reducing the consumption of fuel, consists in taking 
care not to overcharge the grate, and in opening the door of 
the fire-box during the running of the engine. These 
methods are attended with serious consequences. When the 
grate has but little fuel in it, the least addition cools or damps 
the fire ; the loss of coke is also very great, because the grate 
partakes of the shocks to which the engine is subjected, and 
the coke receives a movement similar to that which it would 
be subjected to fix>m motion in a sieve ; the coke, also, being 
light in itself, is drawn up by the draught, and, Srom want of 
sufficient thickness or substance, it is danced about on the grate, 
which has the efiect of bringing the smaller pieces to the 
bottom part, when they &11 between the bars and are lost on 
the road. 

. Opening the door of the fire-box for the purpose of slacken- 
ing the fire has yet worse consequences, as it allows a large 
quantity of cold air to enter between the bars, which has the 
efiect of causing a contraction in this part of the boiler; the 
degree of expansion of the ferrules differing firom that of the 
fire-box and tubes, the action upon the fire-plates, the tubes, 
and the ferrules being also in different directions, a sensible 
alteration in the joinings and the passoffes through the tubes 
is therefore very generally the result. 

The passages are heated more or less, accordingly as the 
water yields deposit, as before stated ; and as the calcareous 
portions collect between the joints, fi^m being momentarily 
loosened by the expansive motion, they are prevented draw- 
ing together agun, and thus cause a greater heat to the water- 
passages, at the joints of the tubes, than they would otherwise 
be subjected to. The joints of the tubes are sometimes drawn 
close again by employing good water, which is probably owing 
to the calcareous matter which held them open being gradually 
washed and carried away. 

The inconvenience of these two methods of regulating the 
combustion of fuel, together with the negligence of the engine- 
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driYers in applying them, producea this effect The generar 
tion of steam in the engines is never properly regulated ; it is 
very powerftil when the fire is fiill of coke in a burning state-— 
and it is barely sufficient when the fire is but little packed, or 
after cold coke has been put on. The consequence is almost 
inevitable, that the driver is obliged to employ the fiiel in 
excess, and, consequently, to generate more steam than is 
required along the greater part of the line, which escapes at 
the safety valves — that he is deprived of a means of regulating 
the fire after the requisite quantity of steam has been gene- 
rated, and he is unable to manage the fire when it becomes 
too fierce. 

This inconvenience causes a waste as considerable as it is 
useless, which is very serious with engines having 12-inch 
cylinders, when they do not carry a full load, which is fre- 
quently the case. It is therefore much greater with engines 
having large grates, when it becomes essential to introduce 
some means of modifying the draught, which the engine- 
driver may avail himself of, in order to regulate the consump- 
tion of fiiel and proportion it to the work that is to be 
done ; i. e. according to the steam that is required to be 
generated. 

6. Of the Dampers employed to regulate the Draught. — One 
of the means employed of regulating the draught consists 
of placing a disc valve at the extremity of the blast- pipcj 
which was the invention of Stephenson. This valve is open 
in the middle, by which it does not oSkx any obstacle to the 
passage of the steam ; but it can be made to close the passage 
whence the flame or gas produced by the fuel issues, when 
required. Hiis damper is managed by the engine-driver by 
means of a lever rod. 

This valve is also usefiil for another purpose. Thus, when 
the men extinguish the fire of the engine after it has finished 
work, the grate being done with and removed^ the air enters 
at this part with great fireedom, the heat of the engine main- 
taining a rery strong draught Now the effect of this passage 
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of cold air is detrimental to the boiler, for the reasons before 
stated; therefore, if Stephenson's damper be fitted in the 
chimney, and care be taken to shut it close on these occasions, 
the current of air would be checked, and an excellent effect 
would result firom it. Another plan might be practised, in 
connexion with the above, with great advantage — ^viz., a second 
pipe might be placed at the commencement of the blastrpipe, 
opening below the smoke-box by a cock of large size, which 
could also be managed by the engine-man by means of a 
lever-rod, by which a certain quantity of the waste steam 
would be let off, and the quantity passing out through the 
upper end of the blast-pipe would be reduced; the draught 
would thus be diminished, or might be altogether suppressed. 
This plan would have a great advantage over the other, 
through increasing the amount of area for the purposes of 
escapement ; by opening this cock, the pressure that the steam 
is subjected to in passing out through the small orifice of 
escape would be reduced, and thus the power of the engine 
would be increased. We, therefore, consider it our duty to 
recommend its adoption. Experience has already pointed 
out something analogous to what we here advise. One of the 
locomotive engines constructed by Buiy, and employed upon 
the St Germain railroad, having an excessive evaporating 
power, the conductor was induced to work it with the cleansing 
cock, connected with the blast-pipe, kept constantiy open, which 
has rendered the draught more moderate, and consequently 
effected a certain economy of fuel. The power of regulating 
the opening of this cock, and of increasing it almost to the 
extinction of the draught, when circumstances may render it 
necessary, is all that is required to complete the contrivance. 

7. Of ExphsioTis. — We have few remarks to make on the 
subject of explosions connected with locomotive engines. 
Accidents of this kind are wholly attributable to the wilful- 
ness of the engine-driver, or a want of care on his part His 
first duty is to notice that the safety-valves do not emit steam 
exceeding a pressure of five atmospheres at the utmost An 
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engine is not properly regulated^ if the ordinary safety valve 
alone emits the steam when the latter is at the above pressure ; 
the lock-up safety valve should be equally affected. 

It is probably from these explosions being so rare^ that the 
cause of them has been a question up to the present time ; we 
can give none other than that they are owing to the impru- 
dence of the engine-drivers, from their endeavours to raise 
the power too high, and thus impeding the escape at the 
safety valves : perhaps this imprudence may be combined with 
a bad system of closing and bolting the iron plates, and de- 
fectiveness in the large interior iron bolts of the front plate. 
We do not, however, mean to affirm this, but only mention it 
to our readers, inasmuch as we know that the joinings and 
arrangement of the plates of some boilers are much less skil- 
fully contrived to resist internal pressure than others. 

Explosions are very dangerous to the engine-men, because 
the front plate is the first to yield to the pressure of the steam, 
the surface of which is of considerable dimension ; the pas- 
sengers, however, are not subjected to the least danger, but 
are merely brought to a stand, by the breakage. 

The engine-men employed on the Paris and St Germain's 
railway are not allowed to load the ordinary safety-valve 
beyond five atmospheres, which example should be generally 
followed. The lock-up safety-valves should be out of their 
power, and under the care of the superintendent-in-chief of 
the train. By taking these precautions, explosion may be 
rendered impossible. 

One more observation will be sufficient to prove to me- 
chanics the uselessness, generally speaking, of increasing the 
pressure, and of tightening the safety valves. When they 
thus increase the pressure of the steam in the boiler, the 
engine simply acquires the power of propelling a heavier 
train, but it has not any sensible effect upon the speed. They 
should, therefore, remember that they do not derive any 
advantage from committing this very great offence. As the 
steam in the cylinders acts at a less pressure than that in the 

D 
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boiler, of what ude is it to increase the, latter, when, by open*- 
ing the regulator a little more, sufficient additional strength is 
obtained in the cylinders ? The most essential thing for the 
speed is the generation of a large quantity of steam at once, 
and of the requisite ibrce — sufficient for the discharge of a 
great number of strokes, and not steam generated under a 
greater pressure than there is any occasion for. Let the 
engine-driver, therefore, employ himself solely with directing 
the fire and feeding the boiler in a proper manner ; and it is 
highly important that he should see the necessity for this. 

8. Of the Apparatus connected with the Distribution of the 
Steam and Regulators. — After the requisite preparations for 
the generation of steam, follow those necessary for its distri- 
bution ; that is to say, those required to convey it from the 
boiler to the cylinders, where it employs its power upon the 
pistons, and thus produces the motion whereby the engine is 
worked : it is made available again in its passage from the 
cylinders to the chimney, since its escapement produces the 
draught. These pipes of distribution have some important 
variations from the apparatus employed for similar purposes 
in stationary engines. 

The steam entrance, or the aperture by which the steam is 
introduced into the pipes of distribution, is situated in the 
interior of the boiler, and opens at the upper part of the dome 
surmounting it The object of the dome is to carry the steam 
as high as possible, that the water held in suspension may have 
time to drain from it The pipe by which the steam is intro- 
duced* is carried along to the extremity of the boiler, and 
passed through into the smoke^box, where it is divided into 
two, to supply each of the cylinders. This pipe may be con- 
tracted in the interior, by means of an apparatus termed a 
r^ulator, which is inserted for the purpose of regulating the 
transmission of steam to the cylinders ; this apparatus will 
also entirely close the passage of the steam-pipe, if required. 

* Steam-pipe. 
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The steam entrance is placed either at the head of the boiler, 
above the fire-box, or, otherwise, towards the extremity near 
the chimney. In the first case, where the pipe traverses the 
entire length of the boiler, it is attached to the plates at each 
extremity ; and, in order that it may readily yield to the action 
of ^expansion, it is famished with a stuffing*box. 

The joints of that portion of the steam-pipe within the 
boiler should be made with the greatest care, that the water 
may not gain admittance into the pipe. It is generally formed 
with a section equal or superior to that of the steam-ports in 
the passage to the cylinders, and the same as the apertures 
opened and shut by the regulator. 

Regulators are constructed of various forms; but that gene- 
rally employed consists of two separate discs, one being made 
moveable ; and they are cut in- such a manner, that the open 
parts of one will either correspond with or cross those of the 
other, so that the steam passage may be left either open or 
closed. 

The moveable disc is secured to the fixed disc by the pres- 
sure of the steam, also by a screw and a spring ; the spring is 
rendered necessary, firom the steam within the steam-pipe 
being sometimes of greater pressure than that in the boiler. 
We shall explain this when the motion of counter^steam is 
discussed. 

Other forms of regulators have also been employed — and 
the principle of safety-valves has been applied in some cases, 
and in others the principle of cocks — again, that of slides ; 
those which present the least surface-friction, and in which 
the apparatus is brought into action upon the least degree of 
force, are the best, for it is important to counteract the effort 
required to overcome the pressure of the steam by suitable 
contrivances, as by equilibrating it by a pressure nearly equal ; 
the fiiction resulting firom the unequal expansion of the several 
pieces fixed and enclosed within each other should also be 
reduced as much as possible. Regulators formed with cylin- 
dric surfaces exposed to the action of friction possess this 
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inconvenience in the highest degree. There ako appears td 
be some ground for rejecting regulators which require helixes 
in the interior of the boiler, upon which the pressure of the 
steam would act 

It is of the utmost importance that the engine-man should 
perfectly understand the form of the regulator belonging to 
his engine, as the degree of opening of the aperture is one of 
the chief requisites for uniform progression, with finely-con- 
structed engines and those of slight dimensions. K the regu- 
lator be opened too much, it lessens the generation of steam 
in a few moments ; and if too little, it diminishes the force of 
the steam generated by the engine exceedingly, and therefore 
impedes its progress. 

9. Of the CyKnderSy Slide-boxes^ and Slides. — The steam 
passes along the breeches-piece leading to the cylinders 
through the slide-boxes, from whence it is distributed alter- 
nately upon each side of the piston. 

The mode of introducing the steam may be readily com- 
prehended ; the bottom of each slide-box is pierced by three 
holes called parts; the two extreme ports convey the steam 
into the interior of the cylinders at their extremities. A sort 
of cover, called a slide, is placed over them, which is subjected 
to an alternating motion when at work, and thus leaves each 
port alternately uncovered ; and as the slide- boxes are kept 
constantly filled with steam, the latter passes through these 
ports into the cylinders at the moment of each being un- 
covered. It will therefore be perceived, that the system of 
introducing steam is very simple. The ejection of the steam 
from the cylinders remains to be explained : every time that 
steam enters upon one side of the piston, that which has 
effected the preceding half-stroke escapes at the third port, 
which is pierced in the bottom of the slide-box, and is not in 
communication either with the cylinder or the slide-box, 
where the steam is lodged, but is separated from these, and is 
constandy covered with the moveable slide, which covers and 
uncovers alternately the two other ports : it is furnished with 
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a pipe at the extremity which leads into the chimney. Now, 
the moveable cover or slide being hollow, it results from its 
alternate motion that when it uncovers one of the steam- 
ports and admits steam into the cylinder, it puts the other 
steam-port in communication with the waste steam-port 
situated between them, by means of the cavity beneath it; 
and the steam admitted into the cylinder^ at the preceding 
Judf'Stroke of the piston, by the port then uncovered, enters 
the interior of the slide, forces itself through the waste steam- 
port, and thence escapes ; therefore the slide-box constantly 
answers as a passage to conduct the steam into the cylinders, 
and the cavity within the slide serves only for a passage to 
convey the steam away from them. The true steam-ports 
admit steam when they are uncovered, and they alternately 
convey steam to the waste steam-port when they are covered 
by the slide ; thus, the slide never leaves more than one of the 
steam-ports uncovered at a time for the passage of the steam, 
and it covers the other two at the same time, to allow of the 
waste steam escaping. The force of the steam lodged in the 
slide-box is therefore employed upon the piston. The waste 
steam, being put in communication with the atmosphere under 
the slide, instantly loses its force. The piston is then quickly 
carried along to the other end by the. force of the steam, and 
the resistance it encounters on the other side is quickly over- 
come. Now, it is the di£Perence between these two forces 
which causes the engine to perform its several functions ; if 
these forces were equal, the piston would remain in equi- 
librio, and without motion. In order that this di£Perence shall 
be as great as possible, the force of the steam entering the 
cylinders should not be less than that which exists in the 
boiler, or the pressure of the steam that passes out of the 
cylinders greater than the pressure of the atmosphere into 
which it escapes; but this desideratum is difficult to be 
attained. The pistons of locomotive engines being impelled 
with great velocity, the steam is necessarily carried into the 
ports of introduction with a velocity which is in inverse pro- 
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portion to the section of the uncovered part (of the port) with 
the area of the cylinderB. This velocity is further affected by 
the irregularity attending the conversion of a rectilinear 
motion into a circular one. The latter is accomplished by 
means of a crank-arm, which follows every movement regu- 
larly, and transmits the motion to a rectilinear horizontal rod, 
the velocity of which is represented by 0.293 for the quarter 
of the revolution which approaches nearest to the vertical, and 
by 0.707 for the quarter nearest the horizontal. Thus, the 
total speed of the piston is composed of a minimum and of a 
maximum; the minimum takes place when the crank-arm 
passes above and below the horizon — the maximum, when it 
performs the quarter of the circle of the passage from one side 
to the other of the vertical ; in other words, the more the 
direction of the movement of a crank*«ann approaches to a 
parallel with the rectilinear rod which it works, the greater 
is the speed transmitted to the rod ; and the more it moves 
from a parallel, and approaches the rod by a perpendicular 
movement, the slower is the motion imparted to the rod. 

When the engine works at its greatest speed, or at about 
38 miles an hour, or 1093 yards per minute, the size of the 
wheels being 6 feet 3 inches, and their circumference 16 feet 6 
inches, the number of strokes of each of the pistons is about 
200 per minute, and of their movements, 400, the length of 
each being about 1 foot 6 inches, which gives the piston a 
velocity of 192 yards per minute, or 10 feet per second, in« 
stead of about one yard, which is the velocity given to the 
pistons of stationary engines. The dimensions of the ports 
are generally 1-lOth the area of the piston ; the velocity of 
the steam in the ports would be about 100 feet per second, if 
they were always entirely open when the piston was moving^ 
which is not the case, the aperture being only fully open 
during the middle of its course, and at a point where the 
piston has a speed once and a half as £aat as its mean velocity ; 
the velocity of the steam through the ports would therefore 
be about 165 feet Taking the contractions, also, into account. 
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reduces the openings to two-thirds; we thus find that the 
steam has a mean velocity of 200 to 250 feet per second at 
the ports. This velocity, although very considerable, does not, 
however, produce the injurious effect that was at first imagined. 
The velocity of the waste steam, in passing into the void, is 
upwards of 1970 feet per second, and its velocity upon escap- 
ing into the atmosphere is about 1400 feet, when the absolute 
pressure of the steam is about two atmospheres. 

lliis velocity is more than 870 feet for an effective pres- 
sure of a quarter of an atmosphere, or an absolute pressure of 
1 at: 25 ; indeed, the generating pressure of a velocity of 
escapement equal to 290 feet does not exceed l-50th part of 
the atmosphere alone. 

The resistance arising firom the steam-ports is, then, perfectly 
unaffected at high velocities, but if the latter were even con- 
siderable, it would not have a troublesome effect; indeed, 
with a speed of 37 miles an hour, the boiler cannot furnish the 
cylinders with any other than steam of reduced pressure; 
therefore, of what consequence is it that this reduction should 
be partly caused by the ports, instead of being wholly effected 
by the regulator ? 

But although we have no loss of force arising firom the 
steam-ports, this is not the case with the waste steam-ports. 
The force which the steam exerts in its escape always dimi- 
nishes the usefiil pressure — and it is very considerable, 
since the velocity is of necessity very great, in order that 
the cylinders may be instantly cleared. It is, therefore, 
necessary that the velocity of 250 feet, although sufficient 
when continued throughout the stroke, should be consider- 
ably increased, in order that it may be enabled to fi*ee one side 
of the cylinder instantly. 

In the next place, the steam, after passing out of each of the 
cylinders, again unites in a pipe, which is contracted at the 
upper extremity, and presents another impediment to its pas* 
sage. This peculiarly*-formed pipe is employed for the purpose 
of creating a draught. But the resistance which it produces 
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is naturally detrimental to the moving power, which may be 
accounted for as follows:— Suppose that, with a speed of 39 
miles, the cylinders are filled with steam of 3 at : 75, which is 
successively held and dispersed. In calculating the volume of 
this steam, with successive stops, we should find that it is nearly 
double that of th^ cylinder. Taking the total volume of steam 
supplied, having the section of the blast-pipe, (whose conical 
shape does not present much contraction,) we arrive at this 
result, that, supposing the escapement to be incessant, the 
steam would have a mean velocity of 820 feet, correspond- 
ing to a generating pressure of a quarter of an atmosphere. 
This result shows that this great velocity of escape absorbs a 
considerable portion of the power of the engine ; and if we re- 
member that, at these same velocities, the motive steam must 
necessarily diminish the pressure — also that the air operates 
upon, and at length overcomes it, we can easily conceive that 
there are certain limits to the velocity, which cannot be ex- 
ceeded with certain engines, even when running without a load. 
These limits, which were originally from about 39 to 44 
miles an hour, have been increased, with engines made more 
recently, to nearly 53, or even upwards of 60 miles an hour. 

10. Of the Distribution of the Steam by the Eccentrics. — As 
we have before stated, the steam introduces itself into the 
cylinders upon each side of the pistons, and escapes uniformly 
on the opposite side to which it entered; it exerts a pressure 
on these pistons, which constitutes the power and the means 
whereby the engine works. It is necessary to understand how 
the steam is alternately distributed, so as to impart this back- 
ward and forward motion to the pistons, and how it becomes 
changed into a rotative movement, and forces the engine 
along. The two pistons are each attached by fixed rods, to 
guide them in their rectilinear strokes, and by moveable rods, 
called connecting rods, to an axle furnished with two cranks, 
set square with each other ; this axle is mounted upon two 
wheeb, which are termed the driving wheels, and receive a 
rotative movement direct from the pistons. 



LOCOMOTIVE ENGINES. 41 

The readiest plan of distributing the steam, at the com- 
mencement of the action of the piston, consists of employing 
the rotative motion of the axle to conduct two eccentrics at 
the same time with the wheels, which, by their alternating 
motion, open and close the slides. The eccentrics are placed 
on the axles of the driving wheels in such a manner, as to dis- 
engage the slides from those ports whereby the steam is intro- 
duced into the cylinders, and to cover those reserved for its 
escape, at the commencement of the stroke of the piston ; to 
accomplish which, each eccentric is mounted upon the axle of 
the wheels square with the crank of the cylinder, the slide of 
which it conducts. In order to understand perfectly what 
then transpires, it is necessary to bear in mind that, when a 
crank transmits motion to a horizontal rod, it impresses the 
rod with a rapid motion when it passes in a vertical, and with 
a slow one when it passes in a horizontal direction. 

In accordance with this general law, when two crank-arms 
are mounted on the same axle, and transmit their motion 
to two rectilinear rods, the motion of each will be different, 
notwithstanding the cranks are both animated with the same 
velocity. 

Now, the slow movement occurs precisely at the commence- 
ment and at the termination of each half-stroke of the piston, 
since the crank-arm crosses the horizontal at this particular 
period. Therefore, if the eccentric be mounted square with 
the crank, the instant that it crosses in a vertical direction, 
and transmits the greatest amount of velocity to the slide, the 
crank will be in a horizontal position, and the piston will be 
taking its slowest movement The steam is introduced and 
let off uniformly every, time the crank-arm is in a horizontal 
position — that is to say, every time the piston has finished one 
stroke and is commencing another — and it is performed with 
great precision, depending upon the uniform action of the 
slide. It may be further observed, in the case of one crank 
being placed on the same axle with another — when one is 
passing from one side to the other, in making a semi-revolu- 
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tion, the other is passing from the top to the bottom ; or, if 
each of these cranks transmit a rectilinear motion to a rod, the 
rod conducted by the first crank conveys a certain motion in 
one direction, and that conducted by the other conveys the 
same amount of motion, but distributed in the opposite 
direction. The results of this uniform principle in the con- 
struction of locomotive engines are as follow: — At the instant 
one of the cranks is in a horizontal position, and the piston at 
the commencement of its stroke — during the first half (of this 
stroke) the slide moved by the eccentric, which is in a vertical 
position, conveys a motion which has the effect of uncovering 
one of the ports, and by the time the eccentric arrives at the 
horizon it becomes wholly uncovered In the second half of 
the course of the crank, the slide returns to its original posi* 
tion, and the port becomes again covered. The slide is, 
therefore, always ready to uncover the opposite port at the 
commencement of the following stroke. 

It fiirther results, when the crank is horizontal, that the 
two steam-ports are shut, the eccentric being then in a ver- 
tical position. 

Such is the principle of the distribution of steam. We shall 
not enter into the particulars of the several plans for effecting 
it at present; but their details, which do not differ essentially 
firom each other, will be found in their proper place. The 
return motions, from the eccentrics to the slides, are constructed 
of slight rods, and are therefore readily shifted; yet, as the 
slides are drawn backwards and forwards under the pressure of 
the steam, they are subjected to considerable firiction ; the 
rods are liable to be strained, and frequently become deranged 
by the eccentrics, also firom the play of the points of the 
levers, Qod the several turning-joints being so very elastic. 
These circumstances of derangement have an important influ- 
ence, by retarding the slide slightly, which has a powerfiil 
effect upon the regularity of the distribution ; and since the 
course of the eccentric is similar to that of the slide, the de- 
tention of the action, and the loss of speed occurring in the 
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return movement from the above causefl, show the neceteity 
of the engine-man devoting the greatest attention to this 
point, and avoiding the evil as much as possible. The distri* 
bution of steam may be suspended, whenever required, by 
means of disengaging levers,* which detach the rods of the 
eccentrics from the levers which conduct the slides ; the same 
levers are also employed to reverse the movement of the slides* 
at the time of running, and in such a manner as to render it 
opposite to the direction the engine is running in. 

This reversing the distribution of the steam is employed to 
stop the engine where other means are found insufficient, 
in which case the steam^ports on that side where the piston is 
reluming become instantly uncovered, and the steam fills the 
whole cylinder, and thus opposes the progress of the piston ; 
the latter returns the steam again to the boiler if it should not 
be airested. At the same instant, the waste steam-port is 
covered by the slide, and consequently put in communication 
with the air, which enters by the blast-pipe, and fills the 
cylinders, being drawn in by the action of the piston. Thus, 
the advance of the engine against the steam has the efiect of 
conyeying the air into the boiler, and the safety-valves conse* 
qnently emit steam mixed with air. 

11. Ofihe Feeding of the BaOtr.— lSxraxg described the 
means of generating steam, and of distributing it in the 
cylinders, we shall now consider those for renewing the water 
in the boiler in sufficient quantity, as it becomes absorbed by 
the work of the engine. There are two pumps employed in 
efiecting this, which are on the lift-and-force principle ; the 
pistons consist of plungers, similar to those employed in 
ordinary stationary engines. They transmit the water firom the 
tender to the boiler. One of these pumps can deliver a volume 
of water in the course of about twenty minutes, sufficient to 
supply the boiler for one bourns run. The quantity of water 
furnished by the pumps may be properly regulated, and the 

* Hand-gear and reversing-handles. 
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deliverj of the same rendered continuous, but the latter id 
only accomplished in new engines ; the boilers of the other 
engines are sure to be momentarily chilled, either in the 
operation of feeding it with water, or in replenishing the fire 
with fuel; but the fires of new engines are not so liable to 
this, being very powerful 

12. Of the Machmeryy and its Disposal — We shall con- 
clude our general observations on locomotive engines, by re^ 
ferring to the disposal of the machinery connected with them. 
The power of the engine originates in the cylinders, the force ^ 
produced within them proceeding through the smoke-box in 
which they are inclosed. This force or power acts in two ways, 
dependent upon the steam being on one side or the other 
of the pistons, and imparts to the rods an effort of traction or 
of pressure accordingly. The whole of this force is exerted 
upon the cranked axle, wherefore it becomes highly neces- 
sary that this axle should be attached to the cylinder-box by 
very strong framing ; the boiler is, for this purpose, placed on 
a frame, with which it is connected by stays secured by strong 
bolts. We are of opinion that this connexion is defective in 
the majority of ordinary engines, since it appears as though 
the only object was to give support to the frame bearing the 
weight of the boiler, and not to provide, at the same time, 
against the forces acting horizontally, arising from the power 
at work in the cylinders. There are many engines which, 
after a few months' work, manifest a sensible play, to an expe- 
rienced eye, between the cylinder-box and the supports of con- 
nexion between the boiler and the frame, from this reason. 
The carriages, or grease-boxes, which receive the gudgeons at 
the extremity of the axles, and thus support the entire weight 
of the engines, are situated beneath this frame, the gudgeons 
turning freely in them. 

If these carriages were the only points of resistance to the 
cylinders, it is probable that not only the supports of the 
boiler on the frame would soon give way, but the axletree, 
being only secured at its extremities^ would also be subjected 



LOCOMOTIVE ENGINES. 45 

to these vibrations, and the greater part of it so powerfully 
forced in each direction, horizontally, by the cranks, that 
they would be soon broken. It is to obviate this that the 
cylinder-boz is attached to the cranked axle by four, or at 
least three, iron rails. These raib are strongly fastened to 
the cylinder-box, and each carry a copper collar, in which 
the cranked axle is enclosed* This collar is capable of 
moving in a vertical direction, whereby it is enabled to accom«> 
niodate itself to the play of the springs and countersprings, 
which frequently have the effect of separating the axletree 
from the boiler ; but the collar is always secured horizontally, 
being that in which the cranked axle offers the greatest resist- 
ance, by means of suspended wedges, which operate similarly 
to keys, and tighten the carriages against the axletree. The 
cranked axle is secured in this manner at five or six places 
respectively, and further attached to the cylinder-box. The 
attention of the engine-driver should be directed to these 
rails of attachment, and he should constantly notice that they 
fulfil their office properly ; and in furtherance of which he 
should tighten them, by heightening the wedges as the car- 
riage of the axletree becomes worn. 

The three principal rails, or cross pieces, which we have 
noticed, are attached just at their extremities, next the axle- 
tree, to lugs fastened to the fire-box. It is of consequence 
that these joints should not be made too stiff, and that a little 
play be allowed for their extension in cooling, for the reasons 
before stated — ^viz., that these rails are not subjected to the 
same degree of elongation from the effects of expansion as the 
body of the boiler; and, upon this occurring, the boiler is forced 
upon the rails, and the joints connecting them with the fire- 
box consequently become deranged, and give passage to the 
water situated within the double casing surrounding the 
fire-box. 

In an engine recently constructed, the middle crossing-rail 
has been omitted, and the collar supporting the cranked axle 
supported directly by the fire-box. Experience will show the 
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merits of this new arrangement^ which appears to ns to be 
but little wanantecL 

We have now to observe, that the necessity of reducing the 
weight of locomotive engines has led to the almost exclusive 
employment of iron in their construction, icom which it re- 
sults, that the whole of the several pieces in friction against 
each other, from the effects of rotative or rectilinear move- 
ment and the sliding of one surface upon another, are pro- 
portionately weaker than those of ordinaiy stationary engines, 
the castings included — viz., the axletrees, the beams, the 
connecting rods, the guides, the eccentrics, &c., and formed 
of smaller proportions. Now, there is a very important fact 
connected with engines — viz., the circumstance that the 
friction does not diepend solely on the pressure, but on the 
degree of fitness of the metal to support the pressure with- 
out alteration. Thus, when the state of the carriages be- 
comes altered, the friction acquires immense influence; the 
bodies become heated and reduced from the filing, arising 
from the grip they have of each other; they also sometimes 
become melted. The rubbing surfaces are therefore kept con- 
stantly oiled, to prevent any alteration taking place ; and this 
is more especially tiecessary with locomotive engines, as these 
surfaces are generally reduced almost to the minimum limits 
commensurate with the amount of pressure which they have 
to support The least negligence on this point is conse- 
quently attended with serious consequences — ^the first, ftom its 
increasing the resistance of the engine considerably, and often 
stopping its progress; secondly, from its increasing the wear 
of the carriages ; and, thirdly, from its causing the rupture of 
the pieces, in consequence of their becoming heated, and the 
strains to which they are subjected.* If the carriages become 

* We can readily understand the importance of greasing, since the co- 
efficient of iron rubbing on brass, when the sur&ces are well greased, is 
from 0*07 to 0*08 of the pressure ; when the surfaces are only oily and 
damp with water, it is equal to 0*19 ; and it amounts at length to 0*25 when 
the surfaces are but slightly oiled. 
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heated in the stnaUest degree, they are subjected to great 
pressure, and the relative hardness of the metals in contact is 
instantly changed, and the adherence between their surfaces 
increased, so that they become full of holes and impaired, and 
oil will never restore the delicate finish which is thus destroyed. 

A constant attention to the greasing, therefore, constitutes 
one of the surest means of preservation, and of ensuring good 
work in the locomotive. Another circumstance, no less neces- 
sary, is the maintenance of the whole of the several pieces in 
a condition as near their original form and mounting as pos- 
sible. An engine is composed of so many pieces, and is sub- 
jected to such strong vibrations udder the influence of shocks, 
and from the sudden and incessant strains that it is subjected 
to, that it yields in a certain degree at its joinings. The 
engine-driver should direct his attention to the prevention of 
this movement, and he should not allow of any more play in 
the carriages than is necessary ; he should replace those pieces 
which become worn, and tighten those mountings as they 
become loosened* The several joinings are, moreover, dis- 
posed in such a manner as to counteract the difficulties con- 
nected ¥dth them, and exhibited with all the pieces thrown 
in firiction with each other. 

13. On the Adhesion. — It was once supposed that the adhesion 
existing between the wheels of the engines and the rails was 
not sufficient to admit of their conveying great weights, which 
led to their making the engines move on propellers or levers. 
But it was soon found, however rough the surfaces in contact, 
that the adhesion of the wheels' to the rails was quite suf- 
ficient; atid, moreover, that the propellers or levers could 
only be employed for a very slow rate of propulsion. 

This adhesion varies in practice, according to the state of 
cleanness of the rails, from a fifth to a fifteenth of the weight 
bearing Upon the driving wheels of the engine ; and as this 
weight is generally about five tons, the wheels are not able, 
consequently, to exert an effort exceeding 2205 lbs., or 706 lbs. 
at the least, without stopping, which much exceeds what is 
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required for ordinary work; the weight of the tndn is in fact 
divided into two parts — viz., the engine and the carriages. The 
friction of the engine is equivalent to 18 lbs. per ton^and that 
of the carriages to about 9 lbs. — and supposing the engine to 
weigh 10 tons, would give 176 lbs. as the friction of it We 
have, therefore, 2028 lbs. and 550lbs. respectively left for the 
friction of the load, which the adhesion is equal to, and which 
afford a traction sufficient to propel 230 tons as a maximum, 
and 62 tons as a minimum. 

The ordinary passenger trains, consisting of six carriages, 
make a weight of 30 tons when filled with passengers ; and 
the amount of adhesion requisite to overcome this load 
would, therefore, be represented by a weight of 265 lbs. — 
and, together with the engine and tender, of 485 lbs. at 
the utmost. The limits of the adhesion being generally 
firom l-6th to 1-1 0th, it is, therefore, sufficient, if the driving- 
wheels of the engine support a pressure or load of 2^ tons in 
ordinary work, being limited to trains such as we have before 
stated. 

But this is far firom being the case ; the weight of a loco* 
motive of 12 tons being distributed as follows: — 

Weight on the driving-wheels • . 5^ tons. 
„ „ fore-wheels . • • 4^ „ 
„ „ hind-wheels ... 2 „ 

Total ... 12 tons. 

This division possesses the advantage of allowing an engine 
to draw both light and heavy trains ; but, on the other hand, 
it likewise has a serious effect upon the railway, being the 
cause of great wear, and of altering the position of the rails, 
whereby they fi^quently require repairing. 

The injurious effects of heavy engines have been incontest- 
ably proved firom the results of experience. 

The Liverpool and Manchester Railway was laid vdth rails 
of 44 lbs. at the period of its opening ; the weight of the loco- 
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motives being five tons. The insoflSciency of the latter became 
apparent in the course of a few months/ from the lightness of 
the several parts and the motion which they partook of at their 
f \ joints, also the weakness of the surface of the furnace of the 
) ^ boiler; the weight was therefore increased to seven or eight 
tons ; but upon the rails being subjected to these weights, 
together with the great velocity of the engines, the rails were 
soon reduced to a very bad condition, the greater part of 
them becoming broken or bent. 

14. Of the Effects of Locomotive Engines on the Rails. — It 
is easy to account for the eflfects of locomotives on the rails, 
since they are wholly attributable to radical defects in the 
mode of laying — even with that followed at the present time 
-defects, moreover, well known to engineers, and which they 
endeavour to remedy. 

A railway is simply laid on the ground ; it is not attached 
by any more than its own weight and that of the slight beds 
of earth or sand inclosing the sleepers. The earth on the 
outside of the line of rails becomes flattened by the weight of 
the locomotive engine, and sinks according to the elasticity of 
the soil, and in proportion as the rails press upon a large or 
small portion of its sur&ce ; and as the rails follow this in- 
flexion when they are pressed down by the engine, they 
consequently rise at each end, and produce an undulating 
motion every time a train passes over it The effect of 
this is so powerful, that on slopes of 1 in 70 to 1 in 90, the 
rails imperceptibly descend, from the mere influence of the 
work. 

The consequences of this general undulation of the rails 
would not be of much importance if the inflexion was limited 
to the elasticity of the earth, but this is far from being the 
, case. The vibrations have also another effect, unconnected 
with that inherent in the earth, which consists of the unequal 
resistance of the rails ; the right side of the joint of a rail 
does not, in point of fact, offer an equal resistance with the 

B 
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Other parts ; the weight, therefore, in passing over this part, 
is carried apon a weaker surface of earth, and the bending of 
the rails at this part is considerable, and it is followed by their 
rising up immediately after the passage of the weight The 
sleepers at these parts become detached from the soil, and are 
forced down upon it with a violent shock every time they 
have to support the weight of the wheels of the carriages; the 
soil thus becomes more and more depressed. The amount of 
these vibrations, which are due to bad laying, does not probably 
exceed one-twelfth of an inch, or a quarter of an inch at the 
most ; but this is sufficient to occasion shocks at each length 
of rail, which is announced by a sort of beat from the 
different levels which the joinings of the rails take. Those 
which are subjected to the action of the load become sunk, 
while the others remain elevated, and the wheels receive a 
shock in passing over these obstacles, which causes a noise 
proportionate to the same. 

One can readily conceive, after this, that a railway formed 
with the 44 lb. rails, must be soon destroyed when subjected 
to such heavy engines and carriages, and moving at such 
great velocity. The engineers were, therefore, under the 
necessity of taking up these description of rails immediately, 
for the evil increased with a rapidity truly alarming. 

There were two remedies proposed ; the first was to replace 
the 44 lb. rails with rails of 66 lbs. per yard. But as this 
operation could only be effected progressively, it was inap- 
plicable ; they therefore determined upon adding two more 
wheels to the engines, thereby making a total of six wheels. 
It had in fact been remarked, that the injurious action of the 
engines on the rails proceeded from the manner in which the 
wheels passed over the joints of the rails, from the action of 
the vibrations before described. They contented themselves 
with carrying a portion of the weight of the engine on the 
hind wheels at the time of pitching. Tlie wheels are placed 
in such a manner as to carry but a very small portion of the 
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weight when the engine is empty, in order to present the 
jerking of the springs ; since, when the engine is filled with 
water, the springs are loaded with about 1100 Ibe. This 
remedy, however trifling it may appear, was found to answer 
beyond all expectations, as it soon became evident that the 
hind wheels bore a considerable portion of the weight of the 
engine at the period of jolting, by which the derangement of 
the railway was arrested. They also attended diligently to 
replacing the light rails ; but even this would have been un- 
necessary, had not the. engines moved with such great 
velocity. 

It is unnecessary to explain the reason of the cranked 
axle of the four*wheeled locomotives being forcibly loaded 
with more than half the weight When the cylinders 
are jdaced between the wheels, it follows that the cranks of 
the axle are placed in front of the fire-box, and that a con- 
siderable portion of the engine is situated behind the cranked 
axle. The fire-box, the square part of the boiler^ the plat- 
form for the engine-driver, have a false bearing, as we may 
s^y, beyond the cranked axle, and therefore load it immo- 
derately. 

We may also remark, that six-wheeled locomotives were 
not introduced to distribute the weight equallyj but as a 
means of economizing the road, by momentarily sustain- 
ing, during the running ; the force bearing upon the driving 
wheels upon their becoming checked. There are gradients 
on the Liverpool and Manchester railway of 1 in 100, which 
render it necessary to secure the greatest amount of ad- 
hesion ; wherefore the weight carried by the driving wheels 
has not been diminished. The firames of locomotives with 
six wheels difier from those with four, merely by their 
having two additional wheels at the back, which are service- 
able at the time of jolting. This modification, although 
suitable for railways, such as the Liverpool and Manchester 
Railway, upon which the gradients are very changeable and 

e2 
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Steep, is unfit for others. The locomotives, in fact, 
ought to be constructed expressly for the railways on which 
they are intended to be employed : if a line is short, the 
departures arc frequent, and the trains generally light ; if the 
gradients are slight, the force exerted by the engines will be 
nearly equal throughout the whole line ; and as this class of 
work does not require a considerable effort, the power of adhe- 
sion need not be so great. The weight borne by the driving 
wheels may, therefore, be considerably reduced ; but as this 
weight cannot be decreased without loading the fore wheels 
much more than the hind ones, the small diameter of the 
fore wheels consequently causes a great increase of the 
friction ; as the friction increases in inverse proportion to the 
diameter of the wheels. It is therefore impolitic to take the 
weight from off the lai^ wheels and place it on the smaller 
ones. It lis much to be regretted, that the diameter of the front 
wheels have not been uniformly increased, as it is very pro- 
bable that the advantages connected with it would soon be 
manifest, and that it would effect a great saving in the expenses 
of repairing the way. 

The following further advantages have resulted from the 
addition of two extra wheels to four-wheeled locomotives — 
viz., it has prevented their rebounding laterally, from one 
side to the other, with such force. The machinery is also 
better preserved, the joints are better maintained, the escape 
of steam at the tubes is rendered less firequent, and, to 
conclude, in the event of the cranked axle becoming broken, 
they would protect the train from aU damage. 

Respecting the frames of locomotive engines, we may remark, 
that the plan of arrangement has been a subject of much con- 
troversy, whether they should be placed on the outside or on 
the inside of the wheels. Experience has decided in favour 
of the former, and they are accordingly constructed on that 
principle. If a perfectly rigid shaft were urged in a rota- 
tive direction by a rectilinear force, it would revolve with 
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a degree of finnness proportionate to the distance its car- 
riages were placed apart. If a cranked axle be supported 
by carriages situated near its centre, and impelled by forces 
acting in contrary directions, as those transmitted to it 
from the cylinders, it would cease to be perpendicular to the 
movement of the pistons, upon the carriages becoming the 
least worn, and would form an angle proportionably large, ac- 
cordingly as the carriages were placed near the centre. The 
flanges surrounding the wheels would therefore knock against 
the rails, and the engine undergo violent lateral movements 
from its direct course, which would be dangerous, on account 
of the great velocity. A like effect occurs when the cranks 
are placed at the extremities of the axle, instead of near the 
middle of it, as in the case of engines having the cylinders 
placed on the outside. The wear of the carriages, also, has the 
effect of increasing the force of the lateral movements con- 
siderably. 

15. Of Locamotives employed in conveying Goods. — ^It is cus- 
tomary, in the conveyance of goods, to employ engines with 
their driving-wheels coupled to the fore ones, which is effected 
by connecting rods ; in which case the fore-wheels are of equal 
diameter with the driving-wheels. This coupling possesses no 
other advantage than that of increasing the power of adhesion, 
by allowing the fore-wheels to partake of the weight carried 
by the others. The weight supported by the wheels of the 
engines employed on the Liverpool and Manchester Railway 
is generally about five tons; and taking one-fifth of this 
weight as the maximum amount of adhesion, would be suf- 
ficient to propel 250 tons on a level ; but the minimum 
amount of adhesion being no more than one-fifteenth, the 
engines would not be able to advance with a load a little 
more than one-third the weight of the above, without slip- 
ping. . • . . 

The ordinary passenger-trains on this railway are firom 

about one-third to one-fourth the weight that the engines are 
able to propel at a slow rate of speed throughout the whole 
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line, the inclined plane of 1 in 100 alone excepted. The power 
of the engines^ calculated ezdusivelj from the dimensions of 
the cjlindersy also the cranks and wheels, is therefore three 
or four times more powerful than the reastance which they 
have to overcome. There is, consequently, always sufficient 
adhesion for these trains, and stoppages through slipping are 
imperceptible, and very rare. 

This is not the case with the trains employed in conveying 
goods, as they are considerable. The adhesion is required to 
form an equilibrium with the power of the engine when the 
plan of coupling is adopted. Notwithstanding this coupling 
of the wheels is attended with great inconvenience ; it causes 
considerable friction, on account of the want of uniformity in 
the diameters of the wheels, in consequence of the wear of 
the tires and felloes, and of the carriages, for adjusting the 
connecting rods. 

It also renders it very difficult for the engine to work curves 
of small radii. 

The coupling rods are also liable to be broken, and to 
derange the engine, by catching against the ground. 

The couplings are subject to derangement from high velo- 
cities. 

In the event of the wheels of a coupled engine slipping, 
for instance, in time of snow, the greater number of pieces 
in motion sustain a considerable degree of torsion. 

The coupling rods afford more adhesion than is necessary, 
under favourable circumstances, and therefore become an em- 
barrassment 

These inconveniences induced Mr. Melling to employ 
another method of transmitting the stability of the driving- 
wheels to the front ones, on the Liverpool and Manchester 
Railway. This consists in placing a band, bearing upon the 
periphery of the tires of each, which is pressed freely and 
with considerable force, by means of small pistons and cylin- 
ders, in which steam is introduced when the adhesion of the 
wheels requires to be increased. 
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The details of the success of this application is given in a 
very interesting article written by Mr. Edward Woods, and 
printed in the second volume of the ^* Transactions of the 
Institution of Civil Engineers." 

16. Of the Tender. — A sort of wagon is attached at the 
extremity of a locomotive engine when in motion, which is 
called a tender, and which is generally mounted on four 
wheels, and sometimes on six. It contains water and fuel 
sufficient to feed the boiler and grate during a run of about 
twenty-five miles as a maximum, and about fifteen miles as a 
minimum. In order to supply trips exceeding these limits, 
reservoirs of water and depots of coke are arranged at con- 
venient distances on the line, which enables them to extend 
their run to distances which are only limited by the strength 
of the engines. 

The tender is joined to the engine which it accompanies by 
a bolt, which is adjusted to fit into a staple. This bolt 
should be capable of resisting the entire power of the engine. 
The reservoir of water communicates with the engine by the 
two pipes of the feed-pumps ; the connexion of the barrels of 
the pumps is made by means of a flexible pipe, denominated 
hosing, whose nature is such that it can readily yield to all 
lateral and vertical movements of both engine and tender ; 
the movements are inevitable, for reasons before stated, fi'om 
the little stability of the railway, the great velocity of the 
engines, &c The bolt admits of every movement, except 
that of lengthening. 

Tenders of good construction should present an appearance 
of lightness combined with solidity ; the joints of the iron 
plates composing the reservoir of water should be well stopped, 
the cocks of the supply pipes to the pumps also require to 
be made perfectly water-tight, which is a condition they do 
not always fulfil. The fuel in the tender is placed upon a 
level with that in the fire-grate. The wheels are wedged on 
the axletrees similar to those attached to the engine, and the 
weight of the tender is suspended on springs, to remedy the 
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abrupt motion of the water. There is a hook at the back of 
the tender, which is attached to a powerful spring, to neutralize 
the eifects of concussion, and for the purposes of traction, and it 
converts all shocks occasioned by the jerking of the engines, 
which are sometimes very abrupt, into pressures more or less 
strong accordingly. 
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CHAPTER IL 

DETAILED DESCRIPTION OF THE COMPONENT PARTS 
OP A LOCOMOTIVE ENGINE, AND THE NATURE OF 
THEIR EMPLOYMENT. 

The preliminary observations upon locomotive engines in 
the preceding chapter, describe the nature of the functions 
of the several parts when connected together sufficiently, to 
enable us to revert to each separately, and examine them in 
detail; we shall therefore proceed in the same order as 
before, and examine each feature successively, viz« — 

1st. The fire-box, the pipes for conducting the flame and 
smoke, and the chimney. 

2nd. The boiler and its accessary parts. 

3rd. The pumps. 

4th. The steam entrance pipes ; and those for the distribution 
and escapement of the steam. 

5th. The slides and the slide-boxes, the cylinders, the 
motion of the eccentrics for the distribution, and the apparatus 
for conducting and directing the steam at the command of 
the engine-man. 

6th. The pistons, piston rods and guides, and the convey- 
ance of their motion to the cranked axles. 

7th'. The weigh-bars, or cross-beams, and outside frames. 

8th. The springs. 

9th. The wheels. 

10th. The connexion of the locomotive with the tender. 

11th. The tender. 

12tlL The expansion stop. 
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We will take, for our first examples of engines^ Jackson's 
locomotive with four wheels, and the six-wheeled engine 
upon the Paris and Versailles railway. 

17. Of the Fire. — The apparatus for generating steam in a 
locomotive engine may be divided into three distinct parts : — 
the first is called ihejire-boxj and is appropriated to the fuel; 
the second is for the reception of the water and the steam 
generated firom it, which is called the bailer: the third is in- 
tended as a receptacle for the e£9uvia firom the flame, smoke, 
and the produce generally firom the fuel ; it is called the STnoke 
or ct/Iinder-boXf from the lower part usually containing the 
cylinders. — See Plates 7, 8, 9, 10, 11, and 12. 

It will be perceived, that the fire-box is inclosed at every 
part except the bottom, which is occupied by the grate, wad 
the side next the boiler, which is pierced with a certain num- 
ber of circular holes, for the purpose of receiving the smoke- 
tubes. 

There is a space finom about 2^ hiches to 4 inches between 
the two casings, which is appropriated to receive the water, 
which is heated by the action of the fueL 

The external casing is formed of dieet iron about a quarter 
ofaninchin thickness; the internal casing is formed with 
copper sheeting, of a greater thickness than the former, on 
account of the high temperature which it is required to sup- 
port — ^it may be increased to upwards of half an inch in thick- 
ness. The side which receives the tubes is formed double, or 
in two thicknesses, but this pkn is not adopted in any other 
part of the boiler ; the lower part of the side next the boiler b 
not increased in thickness, the upper part being increased in 
order to compensate for its being weakened by the holes 
formed in it, and on account of its receiving the direct heat 
of the flames, which are drawn towards it by the draughts 

We have explained, in the last chapter, that the motion of 
the engine is effected by means of the pressure of steam upon 
the pistons ; this pressure, which is first called into action in 
the boiler, naturally acts upon all the sides. And as loco- 
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motive engines are fonned on the iuglnpfessure principle, on 
acooimt of the great power which is required, and the simpli- 
city of this method of constroction, each casing is consequently 
submitted to a considerable pressure, as will be shown by the 
following calculation. 

The effective pressure ordinarily occurring in locomotive 
engines* is about 60lb6. per square inch, which is equivalent to 
four atmospheres and a quarter. From which data we find, 
generally, that when the interior surface of the fire*boz equals 
about 37 square feet, it supports a pressure of 3l8,630lbs. 
The pressure of the steam is also exerted on the external 
casing of the fire*box, the surface of which is from 146 to 175 
square feet, which is subjected to a pressure of 320,225 lbs. ; 
the pressure on the cylindric part of the boiler is 507,1501b8. 
for about 152 square feet, and the tubes sustain a pressure 
of 3,858,750 lbs. upon 1160 square feet 

Thus we see what' an enormous pressure the casings of the 
boilers are subjected to, when the steam is generated under 
high-pressure. It is on this account that the boilers of 
stationary engines are formed cylindrical, as it affords the 
greatest resistance, but the necessity of obtaining an exten- 
sive surface in locomotive engines for the furnace, in a small 
space, of reducing the quantity of the water, and the space 
appropriated as a reservoir for the steam, has obliged the 
manu&cturers to abandon the cylindric shape at certain parts 
of the boilers. They have even been under the necessity of 
employing plane sur&ces, although so much more readily put 
out of shape by the force of the pressure* 

It is, therefore, necessary to fix the last description in such 
a manner that they may be enabled to resist these high pres- 
sures. The interior and exterior side casings of the fire-box 
are, therefore, tied together by tie-bolts, which efiectually 
prevent any disarrangement or rupture. They are seldom 
fonned df iron, but generally of copper, which, although it 

* That iB to my, ezclusiTe of the atmospheric pressttre. 



60 COMPONENT PARTS OF A 

offers less tenacity, resists oxidation better, and is therefore more 
likely to last longer. They are made to screw throughout 
their entire length, and are riveted or otherwise fastened at 
each end; the heads prevent the framing from breaking 
asunder, and the thread of the screw opposes their drawing 
towards each other. Bolts, made either of cast iron, brass 
or copper, answer the purpose equally well, (See fi^. 5, 
Plate 8.) The external casing of the front is joined by iron 
rods to the opposite casing of the smoke-box at the upper 
part These rods require to be tolerably numerous, to give 
effect throughout the entire length of the boiler ; they may, 
however, be safely reduced to three in number, by riveting a 
strong bar of iron with a projecting angle on the inside face of 
the casing of the boiler, and placed in a horizontal position at 
the level of the rods ; this piece has the effect of increas- 
ing the effect of the sheet iron considerably, so that it only re- 
quires to be held at a few places. 

The covering of the fire-box is plane, like the side casing, 
but does not possess the advantage of being able to be 
joined to the opposite casings. It is rendered inflexible by 
the help of brass bars, or by strong bridging irons, 6, (See 
1, 2, and 5, Plates 7 and 8) : six or eight in number, and which 
are fastened by iron bolts, A, & We see, then, that all the flat 
parts are secured by bolts, which enables them to resist the force 
of traction and pressure, with the same efficacy as cyltn- 
dric figures. The casings of that part of the boiler in which 
the tubes are situated are sometimes held in their proper 
position by a number of bolts placed parallel with the tubes, 
but which are not employed with any locomotives upon the St. 
Germains railway. There are one or two iron pins at the 
lower parts of some of them, but the fastenings of the tubes 
are considered sufficient to resist the traction. 

That portion of the boiler situated above the fire-box, is 
circular, constituting in fact a semicircle, and it is enabled, 
by reason of its form, to resist the pressure of the steam in 
the interior. The fire-box is sometimes made of a single 
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piece of copper, and in other cases of a single piece of sheet 
iron ; although this is very seldom adopted, being a very bad 
method ; but the most general plan consists of forming it of 
five sheets of copper fastened together by rivets. Respecting 
the external part, the sheet iron plates composing it are 
joined, lapping over each other, (See fig. 5, Plate 7.) and 
they are fastened in the angles by means of flat angle irons. 
(See fig. 3.) 

The right angle turnings are fi*equently formed by forg- 
ing and raising one of the iron plates with the hammer; this 
method, however, is very liable to weaken the plates, although 
they seldom yield much to the action of heat, as long as they 
remain in their natural state. It therefore becomes necessary 
to employ angle irons whenever the sheet iron is not of first- 
rate quality, or the work is not executed with skilful work- 
men, although their employment appears the least satisfactory. 
The door of the grate, intended to hold the fuel, and which is 
situated upon the fi^ont, is formed of two plates of sheet iron, 
(E, fig 5, Plate 8,) a space of from 2 to 2^ inches being left 
between them, which contains air, and is intended to prevent 
the loss of heat, and to preserve the door from damage. 

It has been attempted to form the interior of the fire-box 
of iron plates, as before stated, but its rapid wear and the 
workmanship requisite in replacing it, obliged the manufac- 
turers to abandon it, and to adopt copper, which is found to 
be the most economical, notwithstanding its great price, on 
account of its lasting qualities. 

18. On Fire Grates — The grate of the fire-box is composed 
of 12 to 15 iron bars, standing about 2\ to 2f inches high ; 
they are formed larger at their extremities than at the middle 
parts, in order to afibrd sufficient opening for the passage of 
the air, which feeds the fire. This is also necessaiy to 
enable the ashes and cinders to fall between them and 
pass away. They ought to be regulated according to the 
quality of the coke employed. It is known that good coke 
liquefies its slag, and causes it to flow, whereby the bars are 
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enabled to be brought nearer together, which prevents the 
loss of fuel on the road, and there is scarce any occasion for 
poking the fire at the stations. 

The surfaces of the grates of locomotives with four wheels 
are equal to about 20 square feet, and with those of six wheels 
28 square feet 

The distance fi*oin the grate to the first tier of tubes Is 
1 foot 4 inches with the four-wheeled engines, and 1 foot 
8 inches with the six-wheeled. 

The four-wheeled engines can, therefore, contain a mass of 
fuel equal to 8 83 cubic feet, and the six-wheeled 19 cubic feet. 

The amount of fuel is not strictly regulated by the lowest 
tier of tubes, since it generally rises above them, which con- 
sequently makes an addition of a quarter more fuel to 
the proper quantity which the grate is capaUe of contain- 
ing, and gives 10*72 cubic feet for the four-wheeled locomo- 
tives, and 22 '78 cubic feet for the six- wheeled, which makes 
a weight of 144 kilog. (317 lbs.) for the four-wheeled loco- 
motives: and 270 kilog. (595 lbs.) for the six-wheeled; sup- 
posing the fiiel to be coke, and that it weighs about 450 kilog. 
to the cubic metre, (925 lbs. to the cubic yard.) 

Now it is known that one kilog. (2*205 lbs.) of coke con- 
tains 6500 units of heat,* therefore, the number of units of 
heat contained by the four-wheeled locomotives, is kilog. 
144 X 6,500««936,000 units of heat : of those of six wheels, 
kil<^. 270x6,600=1,755,000. 

It is necessary for the bars to be moveable, in order that 
those which become destroyed by fire may be readily replaced, 
and that the fire may be removed quickly, in case of accident 
or stoppage. 

They have adopted turning grates in several locomotives* 
Three or four bars are run together in the middle, in such a 
manner as to allow of a rotative movement by means of a 

* A unit of heat is the amount of heat required to raise one kilog. of 
water to one degree, whence 100 units would raise one kilog. of water to 
100 degrees, or 100 kilog. to one degree of heat 



LOCOMOTIVE ENGINE. 63 

hook, Xj (fig. 5 and 6, Plate 8); they rest on a lever, a, c, dy 
which is tamed when the fire is required to be removed, by 
means of a handle, b* 

These grates possess the great advantage of being able to 
throw off the fire instantly, without casting ofi^ the iron grate 
bars with the live coke, which is an ipconvenience, first from 
the bars becoming burnt, and thereby sooner deteriorated, 
and also the time lost in looking after them when they are 
displaced firom the engine, after the throw of the fire. This 
plan, however, has not been generally adopted. 

The voids, or spaces, between the grate bars in Jackson's 
first engines was 2 inches, and the width of the bars about 
1 inch. The voids have been considerably diminished in the 
new engines, being made 1^ inches, and the bars 1 inch. 

The level of the water in the boiler is sometimes very low, 
fit>m the negligence of the engine-man, when the rapidity of 
the motion of the engine agitates the water in such a man- 
ner that the metallic parts are left uncovered, and, becoming 
exposed to the action of the fire, are soon burnt The follow- 
ing plan has been adopted to prevent this accident, and to 
warn the engine man ; a small ftisible plug, a, fig. 7, Plate 9, is 
placed on the higher part of the interior of the fire-box, of 
such a description that when the depth of water is not suffi- 
cient, the boiler becomes over-heated, and the plug melts, 
when the water and a considerable portion of the steam is 
thrown on to the fire, which has the efiect of extinguishing it. 

The ash-pan, which is placed under the grate, is formed of 
sheet iron; it is open in firont and inclosed beneath; the 
door, which is placed on the front, serves to clean the grate 
and to take off the fiiei when they stop. If the ash-pan is Set 
too low, it is apt to gather up the sand thrown up by the road 
layers at those parts of the railway undergoing repair. The 
sand thrown up by the ash-pans when the engine is going at 
great speed, is discharged on to those parts of the machinery in 
contact with each other, and consequently fills them with dirt 

The ash-pan is open on the side in the direction of the 
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motion of the engine, in order that it may the more readily 
catch the air, and favour the draught, by causing the air 
to flow in under the grate, with a velocity equal to that of 
the engine. The velocity of the air at the time of its passage 
through the grate can be calculated by the quantity of fuel 
consumed. 

19. On the Tuhez for Conducting the Smoke, — There are 
upon that side of the fire-box next the cylindrical portion of 
the boiler, firom 75 to 1 50 holes, which are intended to receive 
as many tubes. The tubes are generally made of copper, 
although Mr. Stephenson has substituted brass with advan- 
tage.* They serve the purpose of a communication between 
the fire and the chimney, and sSord an escape to the hot air 
and the gases arising firom the combustion. These tubes are 
forced gently into the holes prepared to receive them, the 
latter being made exactly cylindric (See fig. 8, Plate 8). They 
are chamfered at the end next the fire, and in order to render 
the joints perfectly tight, a steel ferrule is driven on with a 
hammer. Some manufacturers do not chamfer the ferrules, 
but the edges of the holes, as shown by the figure, (fig. 9, 
Plate 8). Each tube should be reduced to the chamfer by an 
accurate iron mould, previous to fixing the ferrule, and not 
by the action of a hammer, since this has the efiect of causing 
a protuberance at the mouth of the tube. The purpose of 
this combination is not merely to tighten the joints by the 
lateral pressure of the ferrules, but also to prevent the extreme 
ends of the boiler yielding from the interior pressure of the 
steam, so that each tube acts as a tie, like those which connect 
the other fronts of the fire-box. It is to be regretted that the 
tubes cannot resist the collapsing of the surfaces, as well as its 
escaping outwards, like the longitudinal ties: nothing is 
more desirable, as it is this yielding of the ends in the interior 
which is so often the cause of the steam escaping at this part 
of the boiler. The iron ferrules are soon worn out, and are, 
therefore, firequently replaced. The most injurious -efiects 

' * Iron, however, is now employed for these tubes. 
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arise from the unequal action of expansion, which soon shows 
itself when the fire is suddenly put out: the tubes thrust 
out at the time that the plates in connexion are collapsing 
— this is a constant occurrence: in which case the ferrules 
become displaced and get oS the tubes. When the former 
are made of soft iron, and are driven into the tubes with 
a hammer, they elongate a little, by reason of the diminution 
of the diameter, and cease to tighten the tube efiectually in 
the casing ; when, on the contrary, these ferrules are made of 
hard iron or steel, they resist better and preserve their diame- 
ter, exert a great lateral pressure, and therefore maintain the 
joint longer* The diameter of the tubes varies from 1^ to 
nearly 2^ inches. The thickness of the brass of which they 
are formed is from iV to iV of an inch. When a ferrule or a 
tube is required to be replaced, a straight cut is made through 
the entire thickness of the ferrule with a chisel, and the edges 
of this cavity are raised in the interior, which enables the 
workman to detach the tubes. 

The surface of the furnace may be increased, in stationary 
engines, according to the quantity of steam required ; but in 
locomotive engines it is necessary to combine the greatest 
amount of surface in the furnace with lightness and slight 
substance of metal, on account of the great velocity of the 
engine, and the circumstance of the apparatus for the genera- 
tion of steam, the water, and the fuel, being carried along with 
it^also the boiler and tubes to convey the flame and smoke to the 
chimney, which system is adopted to the exclusion of all others. 

The flame-tubes were first introduced by Mr.*Marc Seguin, 
on the railroad fix)m St Etienne to Lyons, and it is to this 
celebrated engineer alone that the discovery is due, by which 
the engines acquire such great velocity, by generating steam 
suitable to their wants. The diameter of the tubes can only 
be determined by experience: there is an advantage in 
making them small, since the surface of the boiler becomes 
increased, in a given space, by the number of the tubes; but 
on the other hand, if they are too small in diameter, it has the 

F 
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effect of increasing the friction of the air through them, which 
diminishes the draught; the force of the draught, moreover, 
draws the small particles of coke and cinders into the tubes, 
where they soon form an obstruction, and affect the activity 
of the fire« 

But of whatever diameter the tubes may be, they are soon 
liable to be filled up, unless frequently cleaned, which is per^ 
formed by means of an iron ramrod furnished with a boss of 
tow or cloth at the end. 

The want of durability of iron tubes, and the workmanship 
required in replacing them, led originally to their being aban- 
doned, and the high price of brass induced the manufacturers 
to adopt copper tubes, which also last the longest 

The wear of the tubes depends on the friction of the cinders, 
on the oxidation, arising probably from electro-chemical causes. 
The parts connected with the casing next the fire are very 
soon destroyed. 

When a tube becomes perforated from the effects of fiiction, 
use, or the pressure of the steam, it is instantly known, as 
the water escapes through it, and extinguishes the fire. It is 
not necessary to remove the defective tube immediately: a 
wooden plug is generally driven into the end next the fire-box, 
which is preserved fix)m its effects by the water contained 
within it Now, when any large number of these tubes 
become pierced with holes and plugged in this manner, the 
section of the passage for the smoke is rendered too small, and 
the engine has not suflScient draught ; the tubes must, there- 
fore, be repla<5ed by others. The replacement of the tubes soon 
becomes necessary with an engine that is in constant work, 
although it depends much on the care bestowed by the fire- 
man. Their reduction in substance, and consequently of 
weight, is remarkable: when new, they weigh about 16 lbs. 
and they become reduced by wear to less than 7 lbs. ; they are 
therefore considerably reduced in thickness, and a greater 
degree of heat necessarily passes through this diminished sub- 
stance than usual ; it consequently arises, that engines which 
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have been some time at work obtain more steam from the same 
quantity of fuel than others. This effect is changed, and 
eyen lost, by the least inclination of the tubes to become 
charged with incrustation. These incrustations proceed from 
the matter contained in the water, which is generally cal- 
careous, and it at length adheres closely to the several sur- 
faces, thereby causing the heat to be very badly conducted, 
in spite of the care bestowed in cleaning the boiler. We 
have before described the remedies employed at the present 
time, and we may add, that it is a good plan to remove one 
of the lower tubes, and close the opening by a screw-plug, 
whereby this part of the boiler may, from time to time, be 
cleansed of the accumulated incrustations disengaged from the 
tubes. If this precaution be neglected, an earthy layer will 
frequently be formed at this part, which destroys the lower 
pipes by preventing the water from entirely covering them. 

20. On the Smoke Box. — The front part of the engine on 
which the chimney is fixed is farmed of plates of sheet-iron, 
of the same shape externally as the fire-box ; the casing next 
the boiler k (figs. 10 and 13, plates 10 and 11) is pierced with 
a number of holes, corresponding to those next the fire-box, 
and they receive the ends of the tubes which conduct the 
flame. Referring to other parts, the box is completely closed 
on every side ; the casing which receives the tubes is also sub- 
jected to the pressure of the steam. The steam cylinders are 
also situated in the lower part of this box, and are thus pro- 
tected from any loss of heat and the condensation of steam, 
which would otherwise be very considerable : there would be 
a great loss of power if the cylinders were subjected to the 
action of the cold air of the exterior, lliese cyUnders are 
sometimes inclined (fig. 11, plate 10), which arrangement is 
indispensable when the four wheels are of the same diameter, 
which is the case when they are coupled, to increase the ad- 
hesion. 

The diameter of the chimney (fig. 12, plate 10) in the four- 
wheeled engines is about 12i inches, and the height firom the 

F 2 
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rails 12 feet 6 inches. It is fixed on the smoke-box by stay- 
irons, riveted on, or by cast-iron brackets. The top is enlarged 
in a funnel shape for the purpose of diminishing the noise of 
the steam escaping, and it is enclosed with a metal cover, 
either of iron or brass, particularly in the harvest-season, to 
prevent the escape of small particles of burning coke* This 
cover is of a convex shape, and enlarged, so as not to obstruct 
the passage of the air and the produce from the fueL The 
diameter of the chimneys of six-wheeled locomotives is about 
14 inches, with a height of 6 feet 6 inches above the boiler. 

The chimney cannot be made of greater height on account 
of the works which they are required to pass under. The 
chimney would not of itself produce sufficient draught for the 
necessary production of steam, but it is assisted by artificial 
means: ventilating and blowing have been tried and found 
insufficient, and expensive : these have been disused, and the 
waste steam employed instead^ It is discharged into the 
chimney, where it gives a velocity to the air, which has the 
effect of drawing off the hot air and flame from the tubes, and 
producing a supply of fresh air in the fire-box through the 
grate. 

The blast-pipe is formed of a conical shape (figs. 10, 11, 
and 13, plates 10 and 11). The compression which the 
steam undergoes in escaping has the effect of prolonging the 
time of its emission, and thus creates a powerful draught 
The production of steam is consequently increased, but the 
pressure of that arrested for the purpose of creating the 
draught, acts as it were contrary to the movement of the 
piston, and tends to diminish the motive power. This loss of 
power becomes very considerable at high velocities, although 
it is necessary to employ a portion of the motive force to pro- 
duce the draughty and the blast-pipe evidently presents the 
most simple, easy, and powerfiil means. It remains to be 
seen whether the mouth of escapement could not be increased 
during high velocities, without reducing the strength of the 
draught, which would diminish the duratiou of the force 
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acting against the piston. A course of experiments might be 
advantageously made to determine this important question. 

The hu^e door placed behind the smoke-box affords access 
to the cylinders and tabes, for the purpose of inspecting and 
cleansing them. There is a smaller door below, to take out 
the cinders and ashes which may collect in the lower parts. 

21. On the Damper, — The driver of a locomotive engine 
should always be master of the fire. This is accomplished 
by a plate of sheet iron, nearly circular, being placed in the 
interior of the chimney, which is called the damper, figs. 10 
and 14 (plates 10 and 12.) It is formed with a circular open* 
ing in the middle of it, and is moveable on an axis, the posi- 
tion of which allows the end of the blast-pipe to enter the 
hole. The axle is formed of plate-iron, bolted upon each 
side and finished in a cylindric shape, being connected to the 
casing of the chimney upon which it turns, and it carries a 
small crank, which is put in motion by means of a rod, sup- 
ported on a rest by the engine-driver. The connecting-rod is 
terminated by three notches, which indicate the three dif- 
ferent positions of the damper. This mode of regulating the 
draught, independently of its efficacy and simplicity, is also 
useful when the fire is required to be removed, as the latter 
has the effect of introducing a current of cold air firom the 
exterior, which, together with the rarefaction of that in con- 
tact with the heated parts of the boiler, causes a change in 
the metallic parts, that, although slight, contracts and injures 
them considerably. 

It is necessary to remember that, when the damper is raised, 
the steam is not visible, on account of the great quantity of 
hot air which it absorbs ; but when it is lowered, the steam 
escapes in thick dense blasts. 

It has been attempted to regulate the draught by several 
other modes : at first, by merely reducing the strength of the 
fire, by the introduction of cold air into the chimney through 
an opening, which the driver effected by means of a handle, 
and the smoke-doors were employed as a means of clearance. 
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This method was very objectionable^ since it diminished the 
draught to such an extent as almost to extinguish the fire, the 
quantity of cold air introduced having been very considerable. 
It was also injurious, firom its affecting the temperature of the 
iron plates situated at this part of the boiler, which became 
twisted and deteriorated by it. 

Advantage was also taken of the small door situated at the 
lower part of the smoke-box : although intended specially to 
remove the cinders, yet it may be used as a damper, by 
being opened more or less according to the draught required. 
If this opening is placed too low it is inconvenient, as the 
ascending motion of the air attracts the cinders and refuse of 
the fire which pass along the tubes, and which are thrown out 
of the chimney with violence, and have the effect of befouling 
the engine and inconveniencing the passengers. 

The last inconvenience was remedied by placing a cockade, 
with moving wings, above the smoke-box, similar to those 
employed generally for ventilation. The cockade furnished a 
communication between the external air and the smoke-box, by 
which the section of the current of air could be diminished at 
pleasure. This method was superior to that of opening the 
door of the fire-box, since the latter plan introduced a quan- 
tity of cold air above the fuel, the whole of which operated by 
diminishing the draught It did not, however, proportionately 
diminish the quantity of fuel consumed : it was also accom- 
panied by a chill, which had the effect of producing sudden 
contractions, and was highly injurious. 

Stephenson's damper, which we described first, is much to be 
preferred; there is also an excellent contrivance connected 
with it — ^viz., another exit for the steam, which is situated 
at the lower part of the blast-pipe. This extra pipe opens 
externally under the cylinder-box, and is furnished with a 
cock, to regulate the size of the orifice of escape. When it is 
desirable to diminish the draught, a portion of the steam is let 
out through this pipe. Now as the power of the draught is 
produced by the volume of steam passing firom the blast-pipe 
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into the chimney^ when a portion of the waste steam escapes 
into the air by another channel, although the quantity of steam 
remains the same, it is divided, and that portion which passes 
up the chimney is reduced; also the time it occupies in 
escaping, and the draught. This contrivance also has th^ 
good effect of diminisliing the pressure of the steam at the 
back of the piston, which pressure always exists in a tolerably 
high degree, on account of the diminution of the upper end of 
the blast-pipe. This lower cock is within reach of the engine- 
man, who is thus enabled, by its agency alone, to regulate the 
draught. 

22, On the Boiler and its Appurtenances, — The general 
plates of locomotive engines and details sufficiently exhibit 
the construction of the boiler. It is formed of strong sheet- 
iron, like the covering of the fire-box, and secured in a 
similar manner, the smoke-tubes extending throughout its 
entire length. The boilers of the old engines contain water 
to a height of llf inches, and the new ones to 13 inches. 
The volume of water contained by the former was about 35 '99 
cubic feet, the new locomotives, with six wheels, hold 58*41 
cubic feet The size of the 8team->chamber of the first was 18*59 
cubic feet, and of the second, 23*01 cubic feet The entire 
area of the old boilers was, therefore, about 54*58 cubic feet, 
and of the new ones, 81*42 cubic feet It will be perceived 
that the steam-space is about one-half the size of that appro- 
priated &r water. The water situated next the upright casing 
and top horizontal casing is subjected to the direct influence 
of the fire ; that surrounding the tubes only receives the 
caloric, which is carried along with the flame and hot gases 
drawn towards the chimney by the draught This water is 
thus rapidly heated, as before described, whereby currents are 
formed throughout its entire body, in such a manner, that the 
water in contact with the casing is replaced by firesh as it 
becomes heated, until the temperature is established equally 
thi!bughout ; yet it is not perfectly uniform, but that portion 
in immediate contact with the fire is of a higher temperature 
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than the remainder. The cylindric portion of the boiler is 
covered with boarding, which prevents a loss of heat, wood 
being a good non-conductor of caloric. This covering is 
secured by iron hooping, fastened at the extremities. The 
surface of that portion of the furnace which communicates the 
action of the fire direct to the water, is 32*47 superficial feet 
in small engines, and 52*16 superficial feet in large engines. 
The amount of tubular surface is 246 superficial feet in the 
first, and 579*7 superficial feet in the other. If we suppose, 
with Stephenson, that the heat passing through the tubes is 
but one-third of that which passes by the surfaces directly 
exposed to the fire, and reduce the surfaces after this propor- 
tion, there would be 114*17 superficial feet for the first, and 
216*53 superficial feet for the last. 

There are several appurtenances connected with the boiler ; 
some are for the purpose of ascertaining the level of the water, 
as the cocks and gauges, and others indicate the pressure of 
the steam and regulate it, as the safety valves (A and B, plate 
13); others afibrd a means of cleansing and inspecting the 
inside of the boiler, as the cocks and the man-hole (C, 
plate 13); others, again, are employed in replacing the water 
passed in the form of steam, as the pumps, which we shall 
examine in another part Fig. 15 (plate 13) shows the 
several appendages which are placed on the top of the 
boiler. 

23. Of the Water-Gauge, — The water-gauge is placed on 
the firont casing a a, fig. 16 (plate 13), and consists of a very 
thick glass tube, fixed in brass sockets at top and bottom. 
Tow is introduced between the sockets and the glass tube, to 
render the joint tight, the tow being dipped in mastic of 
minium, and it is forced between the sides of the glass and the 
socket by a ring screwed on the brass socket, in the form of a 
stuffing-box. 

Metallic tubes b b, fig. 16, are connected with each of 
these pieces, which are fiirnished with cocks in the middle, 
and are tapped at their extremities, and screwed to the side of 
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the boiler, one of them commuDicating with the steamy and 
the other with that portion containing water, in such a manner 
that the tube is situated under precisely similar circumstances 
as the boiler. There is a metallic piece screwed to the socket 
a, at the lower part, which is furnished with a cock, whereby 
the glass tube is emptied; the upper screw d^ serves to clean * 
the cock when requisite. 

The tubes b b are in communication with the interior of 
the boiler. Upon the upper and lower cocks being turned, 
the water rises in the glass tube to the same level as that in 
the boiler, and enables the engine-man to judge of the supply. 
The cocks are also serviceable in cutting off die connexion 
between the boiler and the gauge, in the event of the latter 
becoming broken or defective from use. The tube may be 
cleansed by passing a current down it, through the cock r, 
which also serves to pass off the steam-bubbles arising from 
the rapidity of the ebullition of the water, which disguise the 
true leveL The channel of communication should be formed 
with a very small cross section, to lessen the amount of oscil- 
lations which the rapid motion of the engine produces on the 
water. The two small bolts c c are tapped, by which the 
pipes b b are opened and cleaned when they are obstructed 
by deposits, which is effected by means of brass wire. 

A knowledge of the precise level of the water in the boiler 
being so important to the driver, other means are provided to 
assure him correctly of it Two or three cocks are placed for 
this purpose at different heights, and in positions correspond- 
ing to the levels which require to be constantly preserved in 
the boiler. 

The driver should know, from experience, the cocks which 
should give forth steam, and those which should deliver water, 
and he should frequently try them, to avoid burning the upper 
part of the furnace, which would be sure to take place if the 
body of water surrounding it is too smalL 

The fusible plug would partly remedy any neglect ; but if 
the latter should be called into requisition during the running 
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of the engine, all further progress would be rendered im- 
possible. 

24. On the Safety^ Valves, Man^hole, and Blouy-off Cocks. — 
The safety-valves are always two in number, and formed with 
springs and levers. One of them is sometimes loaded to a 
' certain extent, and placed out of the reach of the fireman. 
These valves are placed at different parts of the boiler, and 
their position is not of great consequence. The lever -valve 
rests on a slight footing placed on the top of the boiler A A, 
fig. 17 (plate 13), and is bolted to the copper lugs a; the 
valve b is of brass, and formed with chamfered edges; it is 
guided by a rod in the centre, which runs through a collar set 
on the boiler. The valve should not allow the steam to pass, 
when the pressure that it supports externally is equal to the 
interior pressure of the steam, the former being regulated 
beforehand. The socket-piece d supports a small turning 
point e, on which the lever f is pinned, which directs the 
pressure of the valve by the help of the connecting-pin g* 
The other end of the lever is terminated by a flat piece, 
through which a rod passes, and a screw-nut V is placed over 
it The rod is connected with a spring below, which is secured 
in a box ; the motion of the lever consequently operates upon 
the spring, and either compresses or extends it. The box is 
formed of metal, with a flat face oti one side and a circular 
one on the other, and it is fixed on the boiler by means of a 
bolt t Plate 14 exhibits sections of this spring. If we ascer- 
tain the resistance due to the elasticity of the spring, by 
experiment, multiply it by the great lever, and divide by the 
smaller one, (taking account of the weight of the lever B, 
the valve, and the balance,) it will give the pressure of the 
steam on the valve. 

A moveable weight is adopted in fixed engines, instead of 
the employment of a spring balance, which, being placed in 
different positions, increases or diminishes the pressure on the 
valve. This method is impracticable with locomotives, on 
account of their velocity and vibration, which would change 
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the poradon of the counter-weights. The safety-yalves are 
liable to err — first, from the variation in the elasticity of the 
spring, which, by degrees, becomes strained ; next, firom the 
inequality of the surface on which the valve rests, increasing 
the resistance at the time the steam is passing out ; and, lastly, 
firom the errors of the manufacturers in graduating the 
balance, through their neglecting to take account of the 
weight of the lever, &c It is, therefore, necessary to test 
their correctness by means of a dynameCer, that can be 
momentarily, fixed to the engine* The lock-up valve f, 
(plate 15), fixed with springs, is of different construction to the 
preceding ; it is enclosed in a box, out of the reach of the 
driver, who cannot, therefore, increase the pressure. Fig. 20 
(plate 15) gives sufficient idea of it 

The boiler is cleansed by means of ejecting the water, two 
cocks being placed at the bottom of the plate forming the 
covering of the fire-box. There is an aperture on the top of 
the boiler at C, 1 foot 6 inches by 1 foot 9 inches (fig. 15), 
by which a man may descend into it, to inspect the tubes or 
to clean and make any repairs. This opening, which is 
called a man-hole, is finished with a top of a circular form, 
to resist the pressure of the steam, and is properly secured 
with lugs, and bolts. There are two holes in the external 
covering of the fire-box, which can be opened whenever 
required ; for instance, when it is desirable to clean the boiler, 
and rid it of any sediment that it may have collected. This 
operation is performed when the engine is cold. The men 
introduce a jet of water through these doors, which cleans the 
casing ; they also employ a crooked iron rod, to remove the 
sediment which does not come off at the first washing. It is 
important that the apertures should be conveniently situated, 
so that all the several sides may be operated upon. 

25. On the Steam^ Whistle. — This little apparatus is fixed 
on the top of the fire-box, and is intended to give notice of the 
approach of the engine. It is sufficiently represented in 
Fig. 21, (plate 15). The steam passes out through the open- 
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ings a with a whistling noise, which is produced by the con- 
traction, and the obstacle which the small upper dome presents 
to the lower one, 

26. On the Feed^Pumps, — These pumps are fixed to the 
great cross-frames, or weigh-bars, of the engine, and are em- 
ployed to replace the water constantly escaping from the 
boiler in the form of steam. They are constructed of various 
forms. Fig. 22 gives views of those employed in small four- 
wheeled locomotives. 

The pipe b communicates with the tender following the 
engine, and the pipe a conducts the water to the boiler. 
There is a plunging piston in the body of the pump, of 
which a representation is given in fig. 22. It consists of a 
hollow cylinder, formed of copper or of turned iron, in which 
an iron rod is passed, which is furnished with a screw at the 
end for the purpose of screwing into the hollow piece j, which 
fastens it to the piston-rod p ; the piece j, however, is not 
tapped, but has a moveable nut on each side, and it is by the 
help of these screw-nuts that the piston is adjusted to the 
exact length, and in such a manner that it is enabled to plunge 
to the bottom of the body of the pump without touching it, the 
other unites the piston of the pump with the interior rod. 
The backward-and-forward action of this piston causes a suc- 
tion and a forcing-movement alternately ; the suction-move- 
ment raises the valve A, and brings the water into the pipe c, 
and the compressing-movement lifls the valve A, and shuts 
the preceding one, and refills the pipe a with water. 

The barrel of the pump c is formed either of cast iron or of 
copper; being larger in diameter than the piston, it does not 
require to be polished. It is rendered water-tight by means 
of a stuffing-box, as shown in fig. 23, (plate 16,) or a metallic 
bush, screwed and polished, as in fig. 22. There is a small 
pipe T, fastened with screws to the extremity of the barrel c, 
and furnished with a trial cock y, the key being connected by 
a lever with a handle within reach of the engine-driver, by 
which he ascertains whether the pump gives water and works 
well. A cylinder, e, is secured in the barrel by a proper 
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joint, in which the Buction-valve works ; and there is another 
pip©>y> in which the compression-valve works. The whole of 
these barreb are formed of brass. There is a cock situated 
below the rising pipe, which is employed to shut off the pas* 
sage of the water in the boiler when the valves require to be 
inspected ; a double valve is, however, preferable to a cock, 
as the latter might be forgotten to be opened, when the pump 
would certainly be broken, from its being unprovided with any 
valve. 

The valves consist of turned copper balls, resting on brass 
spherical seats, and their movements are directed by guides, 
with four branches, k A. The lower suction-valve frame 
is maintained in its proper position by the pipe itself; the 
upper frame is pressed and maintained by the ball b; the 
pipe is furnished with a cock before it reaches the tender, 
in order that the engine-driver may remove the reservoir of 
water from the action of the piston when he pleases, in which 
case it runs to waste. These two pumps are fixed to the 
frame of the engine by means of the lugs nt and m\ and are 
placed exactly parallel to the motion of the piston-rods. This 
parallelism, however, is frequently destroyed from the effect 
of the guides, rods, or pistons. An allowance is made for 
play at the points of attachment of the pump-rod with that of 
the piston. 

Fig. 23 shows a section of a feed-pump employed by Ste- 
phenson. The barrel of the pump C is formed of hollow 
iron, 1|^ inch diameter within, with a thickness of 5-I2ths of 
an inch. 

The piston which moves in this cylinder is If inch; it 
will therefore be perceived that room is left in the barrel of 
the pump for play. 

The joints of the suction and compression-pipes of this 
pump are different to those before described ; the two parts 
intended to be joined are formed with a chamfer, and enter 
one in the other, and are fruther covered by the collar A, 
which forces them close together, and is screwed on from the 
outside. 
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The two pumps act precisely alike ; one, no doubt, would 
be sufBcient, even without being constantly at work, but the 
other is necessary in case of accident, or when one is out of 
order. 

The feed-pumps are sometimes contracted with valves of 
the form shown in plate 17, instead of balls, and which are 
employed in Bury's locomotives. The entire contrivance is 
fixed to the large weigh-bars by the lugs o. The piston P acts 
in the same manner as those of other pumps. The valves are 
held in their places by the stops jo, which prevent their rising 
too high, and force them back to their* original position: 
these stops are fixed to the barrel of the pump by bolts. The 
cock r informs the engine-man, upon his turning it, whether 
the pumps work properly. The pipe a communicates with the 
tender, and the pipe b with the boiler. It will be observed, 
that there are two valves in the pipe &, which make the sepa- 
ration of the boiler fi'om the body of the pump more complete. 
Conical valves are inconvenient, on account of their being 
liable to get out of order, and they often require repairs ; they 
are, also, more difficult of construction, and are easily dis- 
placed. The ball-valves are preferable. 

It is important that the feed-pumps should carry the water 
to a certain part of the boiler. It is generally introduced at 
the middle of the cylindric portion, but in Stephenson's new 
engines the water is taken to the part surrounding the fire- 
box, where the ebullition acquires its greatest intensity, and 
the laige amount of steam prevents the plates of the furnace 
firom being constantly in contact with water. It is on this 
account that Stephenson has thought proper to introduce the 
supply at this part 

Mr. Cave's feed-pump (fig. 25) differs but little firom the 
conical valve-pumps. The casing of this valve rests upon 
a circular stand. It is directed by a rod t moving in a collar, 
nu The plunger j?, which is formed of cast iron, is hollow, 
and runs along the sides of the stuffing-box $8 during the 
action of suction and compresnng. The suction movement 
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opens the valve c and shuts e^ and the compression shuts the 
former valve and opens the latter. The movement is commu- 
nicated to the plunger by an iron rod, which is connected 
with the head of the ball b, the nut of which, e^ is let into the 
casting. There is a cover above each valve, near the collar 
or guide, which can be lifted up in case they get out of order, 
or whenever required for the purposes of inspection. 

27. On Steam Pipes : on the DistribtUian and the Escape of 
the Steam. — The steam is passed off at the upper part of the 
boiler, and there is a dome on the top, either at the fore or hind 
part of the boiler, and a safety-valve is sometimes placed over 
it ; the steam which passes within this dome contains fewer 
particles of water in suspension by the ebullition than that in 
the steam-chamber. The steam-entrance is situated in this 
dome, as shown in fig. 26, and which is effected by the pipe a.* 

Fig. 27, (plate 19) describes another form of dome, and shows 
the commencement of the horizontal steam pipe b ; the steam 
passes directly into two pipes Cy represented in fig. 28, which 
conduct it to each of the cylinders in the box where the 
slides move. These steam-chests are placed in communication 
with the cylinders, on one side or the other of the pistons, by 
the alternate movement of the slides. The pipe ^, which is 
called the blast-pipe, (see figs. 10 and 11,) communicates with 
the centre steam-port, and the steam is thus passed firom the 
cylinders into the chimney. 

These, then, are the points of entrance and departure of the 
steam. There is a small double pipe at the lower part of the 
breeches pipe d, fig. 1 3, which conducts the waste steam to 

* Great incoiiTenience arises from the ipt'ater being drawn into the steam- 
pipe, as it is incompresnble ; and the pressure of the piston, in its backward- 
and-forward coarse, tends to occasion rapture. The amount of priming is 
now much diminished by increasing the size of the steam-chamber, as the 
renewal of steam is less abrupt, and causes less agitation in the water. 
We have described another mode of preventing the water getting into the 
steam-pipe in another place, which consists of forming a sort of border at 
the mouth of the steam«entrance. 
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the escapement-pipe; it is employed to let off the water 
arising from condensation, which collects in the cylinders, and 
in the pipe we have just been describing. Notwithstanding, 
the water can only get there by the action of the piston, a rup- 
ture may be the result, however trifling the velocity of the 
latter. Preference should therefore be given to cocks placed 
beneath the ends of the cylinders, such as those employed by 
Sharpe and Roberts. 

Instead of passing the steam-pipe down the boiler longi- 
tudinally, the steam-entrance is placed near the chimney in 
new engines, (see fig. 29.) The advantages of this plan are so 
great as to cause it to be generally adopted. There is, in these 
instances, an economy of pipe and of space in the steam- 
chamber; they are also less liable to be deranged by the 
variation of the temperature. The principal reason for adopt- 
ing this plan is on account of the friction which the steam 
experiences, by the former system, from the great length of the 
pipe. Again, it sometimes happens that the steam-pipe be- 
comes covered with water ; from the engine-man allowing the 
water to rise above its proper level, and the joints not being 
always sufficiently close, the water finds its way through them, 
and then passes along with the steam. There are two steam- 
entrances in some engines, one over the fire-box, and another 
near the chimney, both being connected with the same pipe. 

The pipes of distribution are formed of copper, of about 
one-seventh of an inch in thickness. 

They have to support a considerable pressure, and the 
steam acts upon them with all its force at the period of stop- 
ping an engine. This pressure is also exercised in a similar 
manner on the exterior ; they therefore require to be made 
of a suitable shape to withstand this pressure. 

They are fastened by lugs to the plates of the smoke-box 
and furnace ; the joint which connects the large pipe with the 
smaller ones affords a means of taking them to pieces when 
the boiler requires cleansing, and access is required to the 
pipes. 
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The steam^pipe is laid with an inclination^ to allow the 
priming-water to run out, a cock being placed at the extremity. 
The sudden movements which the pipes are subjected to, the 
rapid changes of temperature, and the difference in the ex- 
pansion of iron and copper, soon affect them. The steam- pipe 
is fixed to the boiler by means of a stu£Sng-box d' (fig. 28. ) The 
diameter of the steam-pipes of distribution is 3| inches within, 
with a thickness of l-5th of an inch ; they should be, and 
generally are, made of greater substance than the ports.* 

28. On Regulators. — The regulator is placed in fix>nt of the 
fire-box, by means of which the fireman opens or closes the 
entrance to the steam, and increases or diminishes the size of 
the passage. 

The plan of this contrivance varies according to the manu- 
facturer's views, but it is very important that the engineman 
should be perfectly acquainted with the forms of these regu- 
lators, that he may use them properly. 

Stephenson makes his regulators rotative, (fig. 30, plate 20) 
in which he is followed by many other engineers. Fig. 28 
shows the situation and the general view of this regulator; a 
handle, M, communicates a rotative motion to an axis, a, pass- 
ing through a stuffing-box, and fixed by means of a centre-pin, 
I. The axle communicates its motion to a brass plate com- 
posed of two triangles, c c and cfcfy rubbing against the cast- 
iron box, and following, the circular face xx. This plate may 
be moved over the open spaces b b\ enclosing them com- 
pletely, or can leave them totally uncovered, or partly on one 
and partly on the other, as the slightest effort of the engineman, 
by means of the handle, operates upon it. 

This regulator affords a tolerably lai]ge area for the passage 
of the steam, even for a slow course, except during the short 
periods that the plate is passing over the solid parts, ppp^p'* 

* The expansion of copper from to 100^ of the centigrade thennometer 
is about 7^7 of its length ; and iron is t^, that is to say, they bear the same 
proportion as 1 and 0*64. The relative expansion of iron and of copper, 
taken in round numbers, may be stated at 5 to 3. 

G 



82 COMPONENT PARTS OF A 

The pressure existing in the chamber B and in the pipe b, 
fig. 28 f is regulated by the velocity of its escape. It is equal 
to that generated under the pressure of the boiler, when the 
entire section of the regulator is open to the passage of the 
steam, since the area of this opening is the same as that of the 
pipe B. It is necessary to open the regulator, to overcome 
the friction arising from the difference of the two pressures. 
A graduated circle on the outside exhibits the degree of 
opening of the regulator, to which the engine-driver should 
pay the greatest attention. 

Tayler employs a regulator very like Stephenson's in prin- 
ciple, but the general arrangement is different It is shown 
in fig. 31. The steam-entrance is near the chimney. The 
casing on which the plates of distribution rub is made of the 
form shown at a d — h V. The rotative movement is acquired 
from the axis. The small pins x or, (in the front view) serve 
as stops to the turning plate, both when it opens and when it 
closes the orifice of passage. 

The apparatus employed by Buiy in his four-wheeled engine^ 
'^ La Seine,'' consists of a simple cock with two openings, 
fig. 32. The opening a communicates with the steam- 
entrance pipe ; the opening h communicates with the steam- 
pipe of distribution. The stuflBng-box s is placed on the 
casing of the boiler pp. It may be easily conceived that the 
friction is considerable in a regulator of this description, and 
that it requires expensive turning and workmanship. This 
description of regulator also soon becomes deranged, in con- 
sequence of the unequal expansion to which any contrivance 
is necessarily subjected when unequally placed. The above 
engine, however, is the oldest on the St Germain railway, and 
the regulator has never been repaired, which no doubt is attri- 
butable to its being the only one that can be readily greased. 
Bury has also employed another regulator in some of his 
engines, the principle and application of which require modi- 
fying. The general view is given in fig. 27, and the section 
in fig. 33, plate 21. 
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The pipe a is the steaoi'^ntrance ; h^ the pipe of diBtribu* 
tion ; c, a pipe which is situated on the casing of the boiler ; 
A is a brass cjlindric piece, which is placed on K^ as shown 
in the diagram& A helix formed with a groove x^ is con- 
nected with the gudgeon; upon the engineman imparting 
a rotative motion to the axle c, by means of the handle m, 
the helix follows the gudgeon, and gives a rectilinear motion 
to the piece A. {See details of the piece A.) 

The connexion of the piece k with the axle is efiected 
by the help of two iron pins, which are fixed on the former, 
and which slide in two grooves connected with the axle ; the 
latter can only take a rotative movement, but the piece A is 
guided by the pins, which cause it to slide along the axle, and 
thus it opens and shuts the communication with the pipes 
a and b. 

This regulator requires cleaning and greasing very often^ 
which is unfortunately a long and diflScult operation^ since a 
man is forced to get into the boiler and raise the gudgeon, 
in order to take out the piece k ; and unless it is properly 
greased the friction is very great — ^first, at the circumference 
of the piece A, but more especially in the groove ar, and at 
the axle, wherefore it is almost impossible to manage it It 
is, therefore, necessary to reject this apparatus, from the in- 
conveniences attending it, although the combination is cer- 
tainly ingenious. 

The piece A does not always fit the circumference well, 
and the steam .gets into the port c, when the regulator has 
a great tendency to shut of itself, which obliges the driver to 
keep a constant hold of the handle. 

The regulator of the " New Jackson," again, is of a different 
construction (see fig. 34) : m is the handle, and a is the fixed 
point of rotation, which imparts the shifting movement to the 
frame ffff'hy help of the button c; the cylinder e^, does not 
touch the sides of the cylinder/ when it is lifted up, and the 
steam can, therefore, enter by the holes i and pass into the 
pipe of distribution. The pressure on both sides of the en- 

o 2 
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trance ee^, is equal to that in the boiler. The conductor ol 
the engine experiences very little resistance in opening and 
shutting the regulator, which is one of the greatest advantages 
connected with it Another not less important point is, that 
the regulator cian be opened with the least movement of the 
lever m, which is not the case with Stephenson's regulators ; 
in fact, the size of the steam-entrance can be changed to what- 
ever is desired, and to any extent that the steam-passage will 
afford. 

This regulator, however, has the inconvenience of some- 
times allowing the steam to escape when it is shut, which 
results from the unequal expansion of the bodies, the steam 
introducing itself through the spaces e, and by ^. 

There are several other regulators employed. Some are 
formed with hatches {see tig. 35); others have a moveable 
valve, which works by the aid of a screw placed at the ex- 
tremity of a rod, near the hand of the engineman. 

The effects of the regulator require to be perfectly under- 
stood. When it is opened, the steam acquires a velocity pro- 
portionate to the difference between the pressure in the boiler 
and that in the steam-pipes. Upon the opening being reduced, 
the volume of steam escaping is also reduced. As the regu- 
lator continues to be opened, so the force of the steam passing 
to the cylinders continues to be reduced ; and it is by this 
that the velocity and weight of the train are regulated according 
to the nature of the work. There is evidently an advantage 
in increasing the diameter of the pipes of distribution, that 
the driver may be more completely master of the effect, which 
is limited to the possibility of supplying sufficient steam to 
render the strength in the cylinders equal to that in the boiler. 

29. On the Steam^Chesti and Cylinders. — When the regula- 
tor is open, the steam passes into the cylinders through copper 
pipes, about ^ of an inch in thickness. The cylinders are of 
cast-iron, about -^ of an inch in thickness. They are divided 
into several portions, as shown by the transverse and longi- 
tudinal sections (figs 37 and 38, plate 22). 
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The chamber B, situated at the upper part, is called the 
Bteam-chest or slide^box, and contains the steam-ports and 
slides C. The motive steam enters this box by the steam 
injection-pipe A, and it is enclosed on every side^ the joints 
being properly stopped. 

The steam-chest should be as large as possible, that the 
steam within it may be affected by the least velocity, and that 
it may not lose heat, and consequently strength. The upper 
part contains four apertures, called ports e d — -gg^ two of which, 
ee\ form a communication between the steam-chest and the 
inside of the cylinder ; and the two others, g^^ communicate 
with the apertures of escapement Q, by means of the inside 
of the slides. Fig. 36 gives the plan of a cylinder ; one of the 
slides is shown on one side, and the other is removed, the 
apertures ^y being left exposed ; a d are two elliptic open- 
ings, for the purpose of allowing the position of the slides 
being seen in connexion with the ports when the distribution 
of steam is regulated. The cover is secured to the cylinder 
by screws, the worms of which are formed in the substance of 
the casting. 

The slides are formed either of brass or cast-iron, and an 
alternating movement is communicated to them by means of 
a rod passing through a stuffing-box, h. This rod is fastened 
to the slides by means of rectangular iron fillets, ddd'd. It 
is connected to the first lug by a screw and worm ; the second 
slide is secured to the first by a short cross-rod, and it screws 
at each end into the fillets by screw<boxes, to prevent their 
loosening. The two last screws are placed, one upon the right, 
and the other upon the left, and afford a means of bringing 
the slides nearer each other, or of separating them, and keep- 
ing them at whatever distances may be required. It will, 
therefore, be perceived that the appendages are independent 
of the slides, t. e., they do not form one body with those ope- 
rating upon the slides from the pressure of the steam. It is 
for the same reason that, in steam -chests with three ports in- 
stead of four, the whole are placed at the end, in advance of 
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the slide-box : the slide-rods are also made tolerably long, so 
that, in case of the slides wearing out, the rods, from their 
length, will have a tendency to bend, and keep the valves 
close. 

The alternating movement of the slides introduces the 
steam by the ports, either upon one side or the other of the 
pistons. The dimensions of the ports vary according to the 
engines ; their section is generally equal to -^ the surface of 
the piston. The pressure on the slides per square inch, at 
the surface of the interior of the box, is equal to that which 
acts on the pistons, so that the slides adhere closely to the 
plates upon which they are placed. The parts subjected to 
friction are planed, and the surfaces tempered, so that they 
invariably wear out the slides without being affected. The 
replacement of the slides is neither so expensive, nor does it 
occupy the time that would be required to replace the top of 
the cylinder. The cylinders in which the motion originates 
are formed of cast-iron, about | of an inch in thickness, and 
from 12 to 13 inches interior diameter, highly polished to 
receive the turned piston. 

The joints of the pipes with the cylinders are cast with 
flanges, and cotton, lead, or red mastic, is interposed between 
to render them close. 

The cylinders are shut on one side by cast-metal covers, 
which can be readily removed when the pistons require to 
be repaired. A small hole is made in the centre of each cover, 
to receive the grease-box, which communicates with the in- 
terior of the cylinder. The other end is closed by another 
cover, very similar, but of less diameter than the other, since 
it is unnecessaiy to provide for the piston passing out at this 
end. 

There are only three ports in many engines instead of four — 
two for the introduction of the steam, and one for the passing 
it off.. Fig. 39, plate 23, shows a section of Tayler's cylinder, 
having one slide and three ports. The inconvenience of 
having only three apertures is, that the steam-passages are 
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neceflsarilj much longer; and as the steam introduced at each 
stroke of the pbton passes by the escapement under the slide^ 
the quantity lost is more considerable. It is, therefore, dis- 
advantageous on this account, but the surface in friction is 
considerably less. The slide-rod in this cylinder is directed 
by two Btuffing-boxesy which is different from the general 
mode. The little apparatus r, in the form of a reverse-cock, 
is for the purpose of introducing oil into the cylinder. It can 
also be turned, to allow the water arising from condensation 
or otherwise to escape. It is very seldom used, the position 
being bad ; it should be at the lower port of the cylinder. 
Some manufacturers practise a better method with their 
cylinders ; the sides of the cover, instead of being made ver- 
tical, present two inclinations externally, one upon the side of 
the port, the other at the lower part. A cock communicates 
with the latter, which empties the cylinders of any water they may 
contain. This plan of ridding them of water, however, is seldom 
employed, as the strokes of the piston are generally sufficient 
to drive it away through the ports, whence it passes by the 
blast-pipe into the chimney, or it collects at the lower port of 
the drain-pipe, which is furnished with a cock. K the ports 
were closed too soon by the pistons they would not be able to 
carry off this water, and the fluid being almost incompres- 
sible, the piston would experience a resistance in striking it 
similar to that in striking a metallic mass, which would pro- 
duce a rupture of the principal parts. The stuffing-box s 
also presents a different construction to that which is generally 
adopted; fig. 39 gives longitudinal and transverse sections 
of it. The box a possesses the advantage of holding oil, and 
of keeping the piston-rod constantly greased during its move- 
ments. This box forms at the same time a stuffing-box, on 
entering the polished cylinder c. Another stuffing-box is 
connected by the two collars a and A, and the cylinder cover 
d merely serves to protect the interior of the grease-box from 
dust and other extraneous matter introducing itself. The 
system of distribution practised by Sharpe and Roberts ap- 
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pears to possess some advantages. The steam-chest is cjlin- 
dricaly and contains a hollow piston, formed of copper, 
which is worked by a rod, like an ordinary slide. There are 
two compartments in this cylinder; the outer one receives 
the steam by the circular holes o 0, and introduces it into the 
cylinders by the rectangular holes ggg'gf% being connected 
in its course with the port communicating with the cylinder ; 
the steam then passes out of the cylinder, when the same port 
is again uncovered, being passed along the interior compart- 
ment directly into the escape pipe h. This plan allows of 
the apertures of admission and escape being larger than 
usual, and the action of the distribution of the steam is free 
from pressure. The wear of the copper cylinder is the only 
thing to be feared, which would occasion a loss of steam. 

30. On Pistons. — The pistons which work in motive cylin- 
ders are of various construction. 

Fig. 41 (plate 25) is a section and front view of the piston 
employed in Stephenson^s. The whole of it is formed of 
brass ; it consists of a plate formed solid in the middle, with 
three lugs radiating from it, and placed at equal distances 
from each other. Another circular plate, d,iB fixed to the 
plate b at the other side of the piston, and nearly covers 
it, forming a body with the other by means of bolts let into 
holes left in the piece b. The plates a and b are turned of 
nearly equal diameter as the cylinder, yet so that they are 
quite clear of each other. The circles fy which are the only 
portions that rub against the sides of the cylinders, are placed 
between the plates ; they are 4-lOths of an inch in thickness, 
and are composed of several segments, but in such a manner 
as to break joint with each other. They are turned internally 
and externally, so that they fit the sides of the cylinder 
exactly, one upon the other. These joints possess a certain 
degree of elasticity to the circles, and after a certain period 
the latter extend and press against the cylinder, so as to wear 
it out. This plan, therefore, soon becomes ineffective. Springs 
are employed to remedy this defect ; they are three in number. 
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r r Ty and each act on the circles at two points. Three screw- 
bolts, ttiy pass through the centre of these springs, and secure 
them to the central boss of the piston. As the circles become 
worn from the effects of friction, it is merely necessary to 
turn the bolts, which project a little beyond the screw-boxes, 
until the springs &re suitably arranged, and at the same time 
to tighten the screw-nuts, to prevent the bolts returning. 
Access to the interior of the piston is readily obtained, by 
unscrewing the bolts of the cover and taking it off. 

Fig. 42 gives the section of another piston employed by 
Stephenson, which does not differ much from the one just 
described ; it has three springs, like the former, which are 
placed in the positions / r" r^. 

The pistons are frequently furnished with two or more 
circles, formed of brass or iron, of about one inch in thick- 
ness, and divided into three or four segments, with wedges 
placed between them, which are pressed outwards by the 
springs, and tighten the segments on the cylinders. Jackson 
follows this method, {see fig. 43). The packing is composed of 
two brass circles, g gf^ the same as Stephenson's pistons, but 
they are not the same size throughout The tightening 
wedge, which is formed of iron or brass, is placed at the 
largest part, and affords the means of enlarging the circle, to 
make it fit the interior of the cylinder. The flat springs r r 
serve to hold them in the cavities 1 1 The springs rest on 
the brass lugs o o o o in the piston. The pressure acts upon 
the wedges, as in Stephenson's pistons. The wedges and 
springs of two layers of packing break joint with each other. 
The utility of the wedges is not felt until the packing begins 
to wear. When the apparatus is first put together, the wedges 
scarcely enter the cavities prepared for them, and the circles 
fit thQ surface of the cylinder exactly. Pistons of this con- 
struction are subject to an inconvenience which those with 
springs, without wedges, are not, which occurs when the 
segments are worn : the wedges rub the sides of the cylinder, 
and at length form grooves along it The system of seg- 
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ments and springs, without tightening wedges, therefore, 
appears to be preferable, unless the defects of the latter can 
be remedied* 

Jackson has also employed a metallic piston with hemp 
packing, the vertical and horizontal views of which are given 
in fig. 44 (plate 26.) It is composed of two castings, which 
enter one in the other at a a — d d, The packing is placed in 
the space between them, consisting of copper or iron circles, 
formed in segments, which form a spring, and the joints of 
which are oblique. The inferior part is joined to the other 
by the means of three bolts, b b by and copper nuts. There is 
a nut, Xf tapped on the inside to receive the end of the piston* 
rod ; the remaining portion of the piston is also tapped, and 
finished in a conical shape, where the top of the piston enters. 
The circular springs are packed and replaced with hemp as 
they wear. These pistons, however, frequently require to be 
unmounted, and the hemp replaced, as it does not preserve its 
elasticity long. 

The pistons at Haigh Foundry (fig. 45) are made similar to 
Stephenson's, but the discs and circles are formed of brass 
instead of copper; further, instead of having four springs 
each, there is but one, upon which a wedge operates. The 
rod is fixed to the piston by means of a key. The bolt b i>er- 
forms the tightening and easing by means of a double screw- 
nut The four lugs oooo receive bolts, which serve to fasten 
the upper and lower plates togetlier. The thickness of the 
circle is unequal, like the first piston of Jackson, and the 
wedge is placed in the thickest part, as shown in the figure. 

The circles forming the packing of the Haigh Foundry 
piston are made of brass. It is found that, when the part in 
connexion with the wedge is of too great thickness, the 
thinner part shrinks in, and is no longer in contact with the 
sides of the cylinder. One great improvement in this piston 
consists in the strength of the screw pressing the wedge, 
which, being placed on a steel circle, c, concentric, and within 
the brass packing, distributes the force uniformly throughout 
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the circumference. In Jackson's piston, on the contrary, the 
point of strength being on the centre of the piston only, it 
results that, independent of the effort of resistance produced by 
the wedges, there is a pressure in the direction of the screws, 
which creates great friction on this side of the brass circles, 
while the parts required to be in close contact barely touch. 
The inequality of the friction is mainly attributable to this 
defect 

Tayler saw the necessity of equalizing this pressure before 
the improvements made at the Haigh Foundry ; instead of one 
wedge, however, he has employed four on the circumference. 

Fig. 46 gives two sections of the piston used by Bury, the 
packing being supposed to have been taken off, being exactly 
similar to the preceding. There are three springs, which are 
adjusted by screw-nuts, supported on the sockets a ... 6. 
Three bolts, passing through the lugs oooy secure the upper 
part to the lower. 

Hemp-packing is very generally used in the pistons of 
stationary engines instead of metallic ; but this plan is much 
inferior to the latter, as it requires to be frequently renewed. 
The pressure, moreover, is very unequal, in consequence of 
the great pressure to which the tow is necessarily subjected, 
in order to make the piston tight. This plan is, therefore, 
quite inadmissible with a locomotive engine, on account of 
the great velocity of the stroke of the piston. 

The stroke of the piston varies, according to the purpose of 
the engine, from 15 to 18 inches. The action of the steam in 
the cylinder is exactly the same in stationary machines ; but the 
cylinders, instead of being placed horizontally, are generally 
vertical. The horizontal position is disadvantageous, in con- 
sequence of the unequal action of the piston on the cylinder, 
from the gravitating influence of piston and piston-rod. The 
wear is, therefore, greater on one side than the other, and the 
rod is submitted to a flexure, which is highly injurious. The 
pistons of locomotive engines being very small and light, 
the wear is tolerably equal ; but those of stationary engines 
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being generally of laiger diameter, this action is very de- 
structive. 

31. On Piston-Rods, — The piston-rods are about If inches 
in diameter ; they are increased conically at the extremity to 
2 inches diameter, through which enlargement the keys of 
attachment pass. The keys are about 4-lOths of an inch in 
width, and fix the pistons to the rods in such a manner as to 
prevent any movement. The other end of each rod passes 
through the stuffing-box placed in the cover of the cylinder, 
which we have already refened to. The rod is turned in 
steel, and polished, so as to present the smallest amount of 
friction in the stuffing-box. There is a collar attached to each 
rod, to receive the rod of one of the feed-pumps, which 
thus partakes of the movement of the piston. The connexion 
of the two rods of the pistons and of the feed-pumps is given 
in fig. 48 (plate 28.) The collar is enabled to take diiferent 
positions, to support and facilitate the work of the plunger, 
according to the position of the barrel of the pump. 

32. Heads connecting the Piston-Rods with the Connecting* 
Rods. — One end of each piston-rod is fixed to the piston ; the 
other, J, is made with a double head, 1 1, with a space between 
them, which receives the head of the connecting*rod. They 
are connected by a wrought-iron axle, a, terminated by two 
small steel guides, furnished with external flanges, and dis- 
posed between two steel slides with grooves, dd^^ also fixed to 
the lai^r weigh-bars by means of bolts. There are two guides 
for each piston, which, with the slides, serve to maintain the 
rod constantly in the line of the axis of the cylinder. J is the 
piston-rod; t, the piston of the feed-pump. There are holes in 
the guides at A and A', which are intended to receive the axles 
a a. The head of the connecting-rod, by which the motion 
is transmitted, is placed at a\ The guides are grooved to fit, 
and the flanges prevent their moving out of position. The 
surfaces on which they rub are also well greased ; so that the 
piston-rods are directed without much loss of force. Fig. 48' 
gives the details of these slides. 
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The motion of the rod is sometimes directed in another 
manner. The axle a is terminated at each extremity by a 
rectangular steel eye, which is enclosed by two steel bars^ 
rendered perfectly rigid and horizontal; the axis a is thus 
directed by sliding between the two bars. 

There are other modes employed by different makers, but 
they all partake of the arrangement shown in fig. 48 Ms. 

33. On Connecting-Rods. — The connecting-rod is at present 
placed with the piston-rod on one side, and the cranked axle 
on the other (fig. 49.) The heads of the connecting and piston- 
rods are of similar construction, but the latter is formed double, 
as shown in fig. 48. The shape of these heads is nearly the 
same in all engines. Fig. 49 is a section of a connecting-rod, 
taken in the longitudinal direction of the engine. 

The directing axle a is sometimes made spherical in the 
middle, {see fig. 53, plate 29,) which allows the movement to 
take any direction required. This part is subjected to much 
torsion, any irregularities in laying the way being directly felt 
by the cranked axle ; the eye-piece o rubs on this part ; & is a 
brass carriage formed in two parts, intended to reduce the 
fiiction. An iron strap, c, joins the upper part of the carriage, 
which is secured to the connecting-rod by means of gibbs and 
collars, dy in the ordinary manner. The wedge-shaped piece 
e serves to bring the two parts of the carriage together when 
they begin to wear : a void or space is left at t for this pur- 
pose. The carriage projects beyond the two faces of the head, 
and is furnished with external flanges, which prevent its be- 
coming displaced. Two holes are formed in the head of the 
connecting-rod at g y, which receive small tightening screws, 
that fix the keys when they reach their places. 
* Afler the tightening-keys are secured by the screws g g^ 
they are each split along the middle from the end, and a wedge 
is driven in, which separates them ; they are further held by 
pins, h. 

Fig. 50 shows another mode of fastening the head of the 
connecting-rod, with a grease-box, k. The collars are drawn 
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closer as they wear by means of the key e, which tightens 
the gibb dy lowers the stirrup Cy and again tightens the upper 
part of the collar b. 

This method possesses the inconvenience of removing the 
centre o from its' place, as the collars wear from the effects of 
friction. The same defect occurs with the head of the con- 
necting-rod, fig. 49 ; the only diflerence is, that the connect'* 
ing*rod, in this case, gets longer, while that described in fig. 50 
becomes shorter. One advantage of the head of the connecting- 
rod, fig. 49, is, that the strap is fastened, independent of the 
keys which tighten the gland. 

The joint of the piston-^rod, with its head, is effected by 
means of a socket which it is keyed to, {see figs. 48 and 53.) 
The connecting-rod is placed at A. The tightening-bolts g 
act on the wedges, and prevent their getting out. 

Fig. 51 gives the details of a tallow^box. 

The pipe t is fixed with screws, and contains a cotton 
thread, which imbibes the oil from the bottom of the box, and 
conveys it by the syphon principle and capillary attraction to 
the parts requiring to be greased. 

The head of the connecting-rod, which is fastened to the 
cranked axle, is formed after the following plan, eee fig. 52 
(plate 29). It differs but little firom the other; but the means 
it affords of tightening the gland upon the axle is more 
certain and regular; the nut b is tightened, while the nut b' is 
loosened* The pressure exercised on the face of a is trans- 
mitted to Cy which again forces the gland b still closer into the 
aperture intended to receive it, so that it closes upon the 
cranked axle from each side. 

This system of keying is not, however, without inconveni- 
ence, as the diameter of the tapped parts becomes reduced to 
the thickness of the keys, and therefore they oflen break at this 
part It is highly necessary to be careful in the use of screws. 

It is important that the distance from axle to axle, of all the 
pieces employed in transmitting motion^ be perfectly true and 
constant, since the manufacturers, in order to render their 
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engines, as small and light as possible, leave no more room 
than is absolutely necessary for the movement of each of these 
pieces. If the distances between the axles were to alter by the 
lengthening of the • connecting-rod, or otherwise, the piston 
would come in contact with the cover of the cylinder at the 
termination of its stroke. This constant uniformity in the 
length of the connecting-rod can only be obtained by adjusting 
the glands as they wear away by use. 

The head of the connecting-rod adopted by Sharp and 
Roberts is, in our opinion, preferable to those of other 
engineers, and merits a detailed description, see fig. 54 
(plate 29). 

The stirrup is fastened to the body of the connecting-rod 
by two dove-tailed joggles, x or, which are secured by cross- 
bolts, yy. The adjusting is effected by means of a key, e^ 
which is held by three force-screws. It will be perceived, that 
the engineers have taken every precaution to prevent the 
stirrup getting unfastened from the connecting-rod; they are 
joined together so as to form one piece. The stirrup^ too, often 
breaks away from the connecting-rod, when these pieces are 
merely held together by keys ; and unless the engine-driver is 
very attentive to keep them tight, serious accidents might 
arise from it, since the piston, being free, would strike against 
the bottom of the cylinder with all the force transmitted to it 
from the steam, whereby the piston-coverings and the cylinder 
might be destroyed. The piston of the Jackson has been thus 
broken, and the cylinders of the two engines of Tayler have 
been broken by the fall of the keys, which were immediately 
followed by the connecting-rod itself. Another advantage of 
this connecting-rod (fig. 54) consists in the outer surface 
of the gland being square, by which the wedges, which 
are necessarily placed behind, hold better as it wears, and 
the gland cannot turn in the stirrup under any circum- 
stances. 

The turning-axle joining the head of the connecting-rod 
with the cranked axle is spherical, like that at the other end 
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of the connecting-rod, to facilitate the movements of torsion^ 
which we have before alluded to. 

34. On the Cranked Axle, — This part is formed of a single 
piece of wrought-iron ; it is about 6 feet 6 inches in length, 
and from 4| to about 5 inches in diameter. The cranks 
c d receive the two connecting-rods, and, therefore, corre- 
sponding to each of the pistons ; they are about 8 to 9 inches 
long, and are fixed exactly at right angles with each other. 
The wheels are keyed on the parts a a', and therefore turn at 
the same time and in the same direction as the axles. The 
axle is reduced in diameter, outside the wheels, to about 4^ 
inches, on a length of about 4| inches, and is terminated at 
the end by a collar. These gudgeons turn in brass bearings, 
on which the engine rests. The cranked axle is turned 
throughout the whole of its length. 

The instant that the piston receives the action of the steam 
on one side, it transmits the same to the cranked axle by 
means of its rod and the connecting-rod. If the piston is 
about 11*81 inches in diameter, the area equal to '6889 square 
feet, and the pressure equal to 8732*7 lbs. per square foot, then 
the total amount of pressure upon the piston will be 60 19 lbs. 
Now, as the cylinders and cranked axle are constantly main- 
tained at the same distance, the alternating movement is 
wholly employed in turning the axle and wheels, which 
produces the locomotion. The cranks being set at right angles 
with each other, enables the axle to pass the dead points; 
that is to say, at the moment one of the cranks is horizontal, 
and in a line with the axis of one of the pistons and cylinders, 
the other is vertical, and consequently perpendicular to the 
rod of the other piston, which is the best position to receive 
the movement 

The different positions which the connecting rods require 
to take, promotes friction on the guides of the piston, when 
they are oblique ; the friction is nearly insensible when they 
are horizontal, since it is produced by the weight of the con- 
necting-rod only. The connecting-rods, therefore, require to 
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be made as long as possible to diminish the friction, since the 
longer they are, the smaller is the angle which they make with 
the horizon, and the less the friction. 

35. On the Motion of the Engine. — The motion of the 
engine, resulting from the action of the steam upon the cranked 
axle, would not take place unless the wheels adhered to the 
rails; this adhesion is in proportion to the weight of the 
engine, and is a certain fraction of it. If the weight to be 
propelled exceeds this fraction, the adherence is insufficient, 
and the locomotion does not proceed. The wheels turn on 
the rails without changing their position ; this, however, 
seldom happens in practice, the adherence being nearly always 
sufficient It only occurs at the time of starting, as it then has 
to overcome the vis inertia of the train. This inconvenience 
is remedied by diminishing the opening of the regulator, by 
which the pressure on the piston is reduced. The following 
method is sometimes employed to put the train in motion, 
when the power of the engine is not expected to be sufficient. 
The whole of the waggons are pushed one upon the other, so 
that the chains are no longer stretched out, but hang down 
loosely, when the engine has to overcome the inertia of the 
waggons singly, one after the other, so that it obtains a start 
before the total weight operates upon it The adherence of 
the wheels is not always the same; it is greater when the 
wheels are very clean, perfectly dry, or quite wet ; and it is 
reduced when the rails are dirty and slightly wet 

It is found that the adhesion of the wheels to the rails is 
about a seventh part of the weight which they support, when 
the rails are in good order ; and it varies in practice, according 
to Stephenson, from this limit to a tenth or twelfth, or even a 
fifteenth in some cases. The great weight on the driving- 
wheels is accounted for by the form of the engines ; it is also 
necessary to produce an adherence corresponding to the maxi- 
mum pressure of the steam. Thus, all engines working with 
four effective atmospheres require to possess adhesion vary- 
ing from l-6th to 1-7 th, so that the wheels may not slip. 

H 
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When locomodves were originallj introduced, it was thought 
that the adhesion of the wheels would not be sufficient to 
move them, and several means were employed to change the 
rotative movement to a continuous rectilineal course. These 
consisted at first of levers, which moved like two legs behind 
the engine. Cogwheels were afterwards adopted, fized on the 
driving-axle, and moving on an endless chain, or on rack 
work. The two wheels of merchandize-engines are coupled by 
a connecting rod, furnished with brass bearings, in such a 
manner that two axles receive the movement of the pistons 
when the adhesion is more considerable, since it is loaded 
with their weight. The four driving-wheels support in this 
case nearly the whole weight of the engine, while the two 
driving-wheels of passenger-engines support rather less than 
one half that of the engine. It is necessary,, if the wheels 
are coupled, for the cylinder to incline, that the piston*rod 
may pass under the axle in front ; it is also held necessary 
that the wheels be exactly of the same diameter, otherwise 
the road traversed at each revolution of the wheel by one 
would not equal the length passed over by the other, when it 
would consequently slide on the rails. This uniformity in the 
diameters is difficult to be maintained correctly, as the friction 
wears the two wheels unequally, from the inequality of the 
hardness of the iron of which they are made ; the con- 
necting-rods are further subject to very violent shocks, and 
often break from the effects of wear, or by the tightness of the 
bearings. The rupture of the connecting-rod sometimes 
occasions the engine to run off the rails, and turn on the 
road. Other ways have therefore been sought of augmenting 
the adhesion; a roller has been placed between the two 
driving-wheels, and held tangential to each of them by the 
aid of a piston movii^ in a cylinder, which receives the pre{»- 
sure of the steam of the boiler ; the fiiction exercised by this 
roller on the two wheels binds them together, so that the 
motion is exerted equally on both pairs of wheels, and the 
adhesion is rendered proportionate to the total weight of the 
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engine^ instead of being dependent upon one-half, as it is when 
two wheels alone are driving. 

The principal difference existing between passenger-engines 
and those for merchandize, consists in the greater amount of 
adhesion given to the latter^ so that the weight of the load 
can be increased without the wheels slipping on the rails. 

Some manufacturers have endeavoured to supersede the 
use of cranked axles, on account of the great expense it is 
necessary to incur in their manufacture. The cylinders are 
sometimes placed outside the smoke-box and on the frame, 
but the condensation of the steam in this case is very consi- 
derable, and the power of the engine is diminished. This 
mode of arrangement is only applicable for very short 
distances. It has been adopted on the Greenwich railway* 
to economise the space below the engine, and to admit of 
the fuel and water being placed there. It therefore appears 
that the original plan, which is that generally adopted by 
engineers, should be continued. 

36. On Slides and their Movements* — We have shown that 
the alternating movement of the piston is caused by the dis- 
tribution of the steam on each side of the piston, which distri- 
bution is produced by the alternating movement given to the 
slide. This movement is effected by means of an apparatus 
called the eccentric, which is placed on the axle of the driv- 
ing-wheels, and participates in its rotative movement This 
apparatus (see fig. 56, plate 31) has not the same centre as 
the cranked axle, the centre of which is att o, and the centre of 
the eccentric is marked o\ the distance o-— o' being called its 
eccentricity. The circular portions, b and c c, are formed of 
cast iron, and fixed together, by means of two bolts, with 
cotton, dcL This circle is enclosed in a firame consisting of 
two copper semicircles ff^ which are bolted and joined toge- 
ther by two lugs, and form a collar. The heads of these bolts 

* The whole of the engines on the railway from Dublin to Kingstown are 
famished with cylinders placed outside the frames ; but this line is only 
about ^ve miles long. 

h2 
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gcf receive the terminations of the slide-rod, which commu-* 
nicates with a lever, conducting the slides. The circular move- 
ment of the cranked-axle, therefore, causes the larger radius of 
the eccentric to pass twice, following the axis of the rod, and con- 
sequently allows the slides to take the extreme position twice, 
which changes the rotatory movement into a rectilinear one. 
The four extreme positions of the slide are given in fig. 57 
and 58, (plate 31 and 32.) The position shown at a a' occurs 
at the moment when the larger radius of the eccentric is hori- 
zontal, in advance of the axle of the crank, when the move- 
ment is transmitted directly— but it would be behind it if 
transmitted by means of an intermediate axle at a fixed point, 
as shown in fig. 58. The second position of the slides h V 
corresponds to a vertical position of the larger axis of the 
eccentric, the crank being horizontal The third position c d 
corresponds to another horizontal position of the eccentric In 
the fourth position of the slides, the eccentric brings them 
back to & &', as in the second, and in the position of the eccen- 
tric and crank shown hj dd^ (fig. 58.)* If we observe the 
course of the piston-rods at each semi-revolution of the crank, 
we may make the following remarks : — 

When the crank is horizontal, for example, at o a, the piston 
is at the end of the stroke ; during the course of the crank 
from oa to oc, the piston runs over nearly half^ or exactly 
^ths, of its stroke. The crank at length runs the second 
quarter, taking the position shown hy o e immediately the 
piston accomplishes the second half, which is ^ths of its stroke, 
passing to the other end of the cylinder. The same effect is 
produced, but in an inverse direction, when the crank turns 
the lower semi-revolution, and returns to the position oa; we 
may then conclude that, while the crank is passing firom the 
horizontal to the horizontal, the piston makes one entire 

* When we treat of the advance of the slides (39), we shall show that 
the horizontal and vertical positions of the axle of the eccentric do not cor- 
respond to each other exactly. 
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Stroke, receding when the crank is passing from oatooe^ and 
^vancing if it is passing from oe to oa. 

When, on the contrary, the crank is vertical, as at o c, the 
piston is nearly in the middle of its stroke, and the crank, in 
passing to the horizontal position oe, brings it to the ex- 
tremity of the cylinder; then, whUe the crank is again becom- 
ing vertical at o e, it brings the pbton to nearly the middle of 
its stroke with a movement the opposite to the first The 
effect is similar, but reversed for the other semi-revolution ; 
thus the crank, in passing from the vertical to the vertical, 
makes the piston perform two half-strokes in opposite direc^ 
tions, the distances run being equal in both cases. If we carry 
on our observations, we shall find the same system with the 
movements of the slides in connexion with those of the piston. 
The eccentricity being, in fact, perpendicular to the axle of 
the crank, when this is horizontal, it causes the piston to run 
Qver the shortest distances — at which time the axle of the 
eccentric will be vertical, and will have the effect of making 
the slides run over the longest distances; so that, while the 
crank passes from the position oa to the position oe, and 
enables the piston to accomplish an entire stroke in passing 
firom the horizontal to the horizontal, the eccentric will pass 
from the vertical to the vertical, and cause the slides to make 
two half-courses, one advancing and the other receding; or 
while the crank runs the first quarter oae, the distances 
passed over by the piston go on increasing ; and at the same 
time that the eccentric is running the quarter ofh, the dis- 
tance run over by the slide diminishes. The greatest speed of 
the engine, therefore, corresponds to the least speed of the 
slides. 

As the greatest speed of the piston takes place when its 
crank is vertical, the eccentric will at this moment be horizontal, 
and therefore will lead the slide veiy slowly; but as the slide 
will already have accomplished the greatest part of its course, 
the port of introduction being nearly entirely uncovered, it is 
of consequence that it should thus rest, in order that the 
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velocity of the steam of the port in communicatioQ with the 
steam-chamber, may be sufficient to establish the^ same force 
in the cylinder as in the boiler. 

We will now refer to the relative movements of the pistons 
and of the slides. 

If an eccentric and a crank be placed square with each 
other on an axle, they will effect two different rectilinear 
movements. As the crank passes from the horizontal to the 
horizontal, it impels the piston with a rectilinear movement in 
the same direction, and the eccentric, in passing at the same 
moment from the vertical to the vertical, imparts two recti- 
linear moments in two opposite directions to the slides* 

While the piston performs the first of these movements, the 
slide accomplishes the two others; it advances and returns 
again when the port that it is connected with is successively 
uncovered and recovered ; while, on the contrary, the piston 
performs two semi-revolutions in opposite directions, the 
slides effect a rectilinear movement in the same direction. 

Therefore, while the velocity of the piston increases with 
each of these movements, the speed of the slide decreases, and 
vice verscL 

37. On the Movements of the Crank, — We shall now ex- 
plain that the maximum space run over by the piston-rod cor- 
responds to the minimum passed over by the slides, which 
arises entirely from the axle of the crank being set perpendi- 
cular to the axle of the eccentric. This geometrical figure 
gives the relative positions of these two contrivances during a 
semi-revolution of the crank; it is fiirther evident that these 
positions are repeated, but in an inverse direction, in the 
other semi-revolution. 

Let us suppose the crank in the position o a, fig. 59, (plate 
33,) and a a the length of the connecting rod; when the 
crank arrives at o £, the connecting rod takes the position b 6', 
and the distance run by the driving-axle is proportional to the 
distance a! V ; when the crank is at <> e, the connecting-rod has 
taken the position c c, and the distance run over is proportional 
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to the right line V d. We see by the lines of the figure that 
the distances run over go on increasing; and it is evident that 
this progression would exist equally if we were to take an 
indefinite number of positions instead of only taking three — 
and if we made these distances to vary slightly by degrees, we 
should find that the crank would pass successively in the 
same manner by the positions ot^ady oe^ the connecting-rod 
passes by the right lines cd^dd^ ed, and that the distances 
run over are proportional to the right lines dd — dd, and 
which go on, as it is shown, diminishing. 

Therefore, when the crank passes firom the horizontal to the 
vertical, the distances run over by the piston go on increasing; 
and in passing in the contrary direction, from the vertical to 
the horizontal, the crank causes the piston to run over distances 
which go on diminishing ; so that the greatest space run by 
the piston corresponds to the vertical position of the crank, 
and the smallest space to the horizontal position. 

As regards the eccentrics, let us suppose its centre to be at 
/, and the rod of transmission attached at this point, which is 
exactly as if the position of the eccentric itself was shifted. 
While the crank is horizontal, the larger radius of the eccentric 
will be vertical, (supposing we do not notice the little devi- 
ation that it requires to take in front to form the advance of 
the slide); then the rod of transmission will be following the 
right Ymj^ff. With the position oboi the crank correspond- 
ing to that of the larger radius of the eccentric og^ the rod 
of transmission will be at ^^' ; the distance passed over by the 
slide is proportional to f'g^ or toy^' g"^ or equal to the projec- 
tion/^''^". When the crank is at «, the eccentricity is at o A, 
the rod of transmission at h h\ and the distance run over by 
the slide is proportional to g' K^ or to g'h^ or equal to ^' A'". 
Finally, when the crank turns the quarter of the circle oce, 
the eccentricity describes the quarter of the circle ohi, and 
the extreme points of the rod of transmission pass again by the 
points h! gff. We see, then, clearly, by the figure, that while 
the spaces run over by the piston-rod are increasing, the spaces 
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run over by the rod of the slides are diminishing, and vice 
versd in the same degree; so that when the axle of the crank 
and the axle of the eccentric are at right angles, the smallest 
space passed over by the one, corresponds to the greatest 
space run over by the other, and vice versd. 

This inverse motion, which we have so fully described, 
originates from the necessity for changing the distribution 
rapidly when the piston passes to the dead point, and changes 
the movement, and for leaving the slide, on the contrary, 
almost immoveable, and the openings as large as possible, 
when the piston acts efficaciously, and moves at its greatest 
velocity.* 

38. On the relative Movements of the two Cranks and the 
two Eccentrics* — Now that we have observed the action of 
one eccentric with the crank in connexion with it, (fig. 59,) 
let us examine the relative positions which are taken by the 
two cranks and the two eccentrics, fig. 60, (plate 34.) A 
and B show the relative positions of the two cranks. A' and 
B' represent the relative positions of the two eccentrics. The 
eccentric marked A' corresponding to the crank A, and the 
eccentric marked B' corresponding to the crank B. The 
figures explain these relative movements sufficiently. We 
have before stated that a crank does not transmit an uniform 
movement, it finds a difficulty at the dead points, which are 
only overcome in stationary engines by the aid of fly-wheels. 
When there are two cranks on the same axle they are placed 
at right angles with each other, that, while one is passing at 
its minimum speed, the other shall be moving at its maximum; 
but it would be erroneous to suppose that this rectifies their 
irregular movement. The time when the velocity is at its 
maximum occurs when the two cranks are inclined to the 
horizon under an angle of 45^ Thus, let OA and OB, fig. 
61, (plate 35,) be the two cranks set at right angles, the posi- 

* The pressure of the steam on the piston being constant, the motive 
force is proportionate to the distance passed over, or to the speed ; the 
greater the velocity the stronger will be the traction of the wheels. 
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tton OB'y OP' will correspond to the greatest space passed 
over. The distances passed over by each crank will be re- 
presented by the projections of its radius horizontally ; then 
the distances run by the two cranks O A' — OB' will be double 
the right line O C. We know that the right line O A' being 
45% the two angles O A' C and C O A' are equal ; then the 
sides O C and C A' are equal. 

It is sufficient, then, to show that A' B' is greater than the 
amount of projection of the two cranks, whatever position 
they may be in. It is evident at commencing, where one is 
horizontal, and the other vertical, for the amount of projection 
is then equal to the radius ; and it is also evident that, in the 
triangle O C A', the sum of the two sides O C — C A', is greater 
than the third. If we take another position, O A" — O B" the 
sum of the two projections, or the distances passed over to 
OD— OE will be less than A' B'. In fine, O E=A" D and 
O D=E B", if we join the point A ' to F', A" B" to A' B' ; 
and it is further evident that the two oblique lines, V^i^-B^'t, 
are greater than the two perpendiculars B^'E-f A'^D. We 
have, therefore, demonstrated that the positions O A' — O B' of 
the two cranks, gives the maximum distances passed over by 
the rectilinear horizontal rods conducted by them. 

It is moreover evident, since the sum of the projections 
O D — O E is greater than the radius, when the sum of the 
distances passed over both in the horizontal and the vertical 
position of the cranks is at the minimum. The velocity 
passiDg from the maximum to the minimum by insensible 
degrees. 

This variation in the velocity exposes the engine to shocks 
and irregularities which are sensibly felt when it starts, but the 
weight propelled being considerable, e£Pectually steadies and 
regulates the motion. 

With respect to the relative velocity of the two cranks and 
the two eccentrics, they are precisely the same as those we 
have described for a crank and its eccentric. 

As the slow movements of the slides correspond to the 
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rapid movemeDts of the pistons^ so this niaximam speed of 
one of the pistons corresponds to the slow movements of the 
other ; and it is vice versd with the eccentrics. 

39. On the Lead of the SUde. — We have explained that, at 
the dead point of the crank — that is to say, when its radius is 
blended with the axle of the cylinders, the slides should be in 
the middle of their course, and, consequently, the eccentric 
ought to be set square on the line of the axle of the bar. 

It is necessary, in the construction of locomotive engines, to 
follow the rule of inclining the radius of the eccentric slightly 
in advance, in such a manner, that while passing the dead 
point the slide shall have already passed the middle of the 
course. The distance which it passes beyond the middle 
point is called the lecui of the slide. 

The result of this modification of the distribution is to 
increase the power of the engines, by enabling them to con- 
duct the same trams at a greater speed. 

If we consider a train at the time of starting, or on a part 
of the railway where it is necessary to employ the entire power 
of the steam, and to go veiy slow, the lead of the slide has the 
effect of diminishing the power of the engine ; but this is not, 
however, exactly a proper, comparison we must consider the 
engines running with their normal speed, and with their power 
on the cylinders reduced ; for if it is proved that, with the 
same train, the same engine acquires a greater speed when it 
has a lead to the slide, it is evident that its power is increased^ 
and that it could draw a much greater load at its former 
speed. 

This contrivance (lead of the slide) is almost exclusively 
applied to passenger-engines, which require to run with a 
speed of at least twenty miles an hour, or even thirty or forty 
miles an hour. 

Proper experiments require to be made, with the necessary 
calculations, for ascertaining the effects of the lead of the slide 
for great velocities. 

When the slides are not properly arranged, t. e. when the 
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overlap is not Bofficient, the lead has the effect of opening 
the ports of escapement and introduction too soon. 

The steam, therefore, commences its escape before the 
pbton has terminated its stroke, and die steam from the boiler 
also operates on the piston in an inverse direction to the move- 
ment Thus, there is at the commencement a resistance to the 
steam which diminishes the power of the engine, and, therefore, 
reduces the weight which it can draw. The experiments of M. 
De Pambour on the inclined plane of the Liverpool railway, 
with leads of l-8th and of 5-dths of an inch, have quite 
demonstrated the fact ; some trains, which were stopped with 
a lead 5-8ths of an inch, were put into motion with a lead of 
l-8th. When in a state of rest, the lead diminishes the power 
of the engine ; but when the speed requires to be great, tinie 
completely changes the results, as we shall show. 

In order to appreciate the advantages of the lead of the 
slide, it is necessary to allude to the inconveniences attending 
the ordinary distribution of the steam without a lead. In 
comparing the surfaces of the section of the ports with the 
spaces successively passed over by the piston, it is found that 
the ratio of the velocity is generally from 1 to 10. If we take 
into account the contraction and irregular velocity of the piston, 
we find that the velocity of escapement of the steam is from 
75 to 85 yards per second, as a maximum, for a speed of 
39 miles an hour. The velocity always possesses an initial 
pressure : we found, in our last inquiry, that l-50th part of an 
atmosphere was sufficient The difference in force between 
the cylinder and the principal steam-pipe is then insignificant, 
but it would not matter if it were more considerable, since 
the generation of steam at high velocities is not capable of 
maintaining other than a reduced force in the cylinder, and 
there is always a reduction by the regulator. The latter 
reduction occurring from the distribution would not, however, 
have any effect, since it could be obviated by opening the 
regulator a little wider. 

The subject becomes very different immediately after the 
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escapement of the steam. Before the escapement obtains the 
maximum velocity of 85 yards, which, as we have before 
stated, offers very little resistance, it is necessary to pass off all 
the steam which maintained the high pressure. This con- 
siderable quantity of steam must be got rid of the moment the 
engine commences running, but it creates a resistance before 
the piston, very considerable at first, and which diminishes, 
more or less rapidly, according to the time that is given it to 
escape. If the strokes of the piston are very rapid, the steam 
sometimes takes a third of the total time of the stroke to 
escape. This occurs with a speed of 39 miles an hour, sup- 
posing the cylinder is full of steam, of an effective pressure 
of 2*75 atmospheres. The effect of this resistance is equal to 
the pressure, at each instant multiplied by the distance passed 
over by the piston; and in the case just cited, the piston 
having passed 3-lOths of its stroke before it could be cleared 
of this excessive pressure, and taking the mean resistance, it 
is found that it amounts (at the most) to a quarter of an atmo- 
sphere ! 

The resistance produced by the port of escapement is very 
considerable at high velocities. The lead of the slide is in- 
troduced to diminish this resistance; the escape continues 
an equal time, but the pressure maintained at the commence- 
ment is exerted in a proper direction on the piston ; and on 
the return of the latter, although the steam is in part de- 
tained, the opening of escapement being sufficiently large, its 
influence does not equal more than a fraction of the stroke of 
the piston. 

The resistance produced in the blast-pipe is also greatly 
reduced by the emanation of steam from the port. The prin- 
cipal inconvenience of a motion without a lead is thus reme- 
died. It remains, however, to be seen whether this diminution 
in the resistance is not balanced by other inconveniences, when 
the ordinary form of the slide is preserved ; (that is to say, 
without increasing the overlaps in such a manner, that when 
the escape is open, the entrance of the steam on the other 
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side is open also.) The steam thus arrives in an opposite 
direction before the end of the stroke, and therefore acts like 
a break against the piston. The work lost in this case is equal 
to the pressure in the steam-pipe, multiplied by the distance 
passed over by the piston : the last being very small, the work 
lost is much less than the economy effected in the resistance 
due to the escapement 

The premature opening of the port affords the piston the 
entire pressure of the steam at the commencement of the 
stroke; but this advantage is of no consequence, since we 
have just shown that, in moving without a lead^ there is not at 
any time a loss of force by the contraction of the ports of in- 
troduction. 

The port opens sooner, and, therefore, shuts equally soon ; 
and this premature shutting is extremely advantageous, be- 
cause it diminishes the expense of steam, considerably without 
diminishing the work, with the greater lead (5-8ths of an 
inch), and without overlapping the slides. This steam is 
not intercepted until at 0*93 of the stroke ; supposing that the 
stop la effective to the end, the work will only be diminished 
a 0003. Thus 0O7 of steam is saved by losing only 0-003 of 
the work. The stop, it is true, does not completely effect this, 
since there is an opening for the escapement, but the pressure 
of the steam at high velocities is exerted in such a manner 
as to diminish the total work of the piston but veiy slightly. 

To resume the subject, the lead of the slide effects a saving 
in the consumption of steam by cutting off the entrance of the 
steam sooner; and it increases the useful effect, by diminish- 
ing, and even turning the requisite force of the escapement 
to account 

The premature introduction of the steam sometimes pos- 
sesses inconveniences, which, although far from counteracting 
the preceding advantages when the velocity of the action is 
considerable, ought, however, to be avoided. 

It is necessary to make the overlap equal the lead of the 
slides, in order that the steam may not be introduced on the 
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piston at any other than the dead point. This plan possesses 
another advantage which must not be overlooked ; it shuts 
the passage of the steam sooner, and thus economizes a 
certain portion vrithout prejudicing the work, as we have 
already said, the pressure of the steam which it holds being 
equal, at the first instant, to its initial force. 

We have shown the intention and advantages of the lead 
of the slide, but the lead requisite to obtain the highest 
results remains to be ascertained. This will evidently depend 
on the velocity of the action, and on the form of the slide 
itself. 

Engineers have no general rule for the lead of the slide, but 
make it from l-8th to 5-8ths of an inch ; it is generally about 
2-8ths of an inch. 

The reason for these differences will be found in the pre- 
ceding observations, as well as the utility of the slide, in com- 
pensating for the delays proceeding fh)m the elasticity of the 
pieces employed in the transmission of the motion firom the 
eccentrics to the slides, and the play arising from the wear of 
these pieces. 

40. Relative Movements of the Slide and Piston. — We will 
endeavour to illustrate the relative movements of the slide 
and piston by a geometrical figure, supposing the lead of the 
slide to be as it is generally constructed. Let a A be the radius 
of the crank, see fig. 62, (plate 36), and b e the length of the 
connecting-rod ; let us suppose the crank at the point b. If 
from this point, as a centre, with a radius equal to the length 
of the connecting-rod, we describe an arc of a circle, the 
point c, where this arc meets the piston-rod, will be the point 
where the extremity of the connecting-rod should be ; if we 
continue the line from c to if, making the distance equal to 
the distance between the point of attachment of the connect- 
ing-rod and the centre of the piston, and set off horizontally 
on each side of <f, half the thickness of the piston, we shall 
have the precise place which the piston ought to occupy at 
this moment Let e be the centre of the eccentric, a e the 
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eccentricity, in order to ascertain the position of the lever 
comnaunicating the movement gh — it is sufficient to observe, 
that when the greater axis of the eccentric is vertical, this lever 
will also be vertical ; so that, by taking the length of this axis 
of communication when the lever is known to be in the same 
position as the eccentric, we find the length eg when the 
eccentric is in the position shovm in the figure : it is thus 
easy to determine every line. 

If the position of the eccentrics were disposed the same as in 
fixed engines, the points e and y* would be confused together, 
and the larger axis of the. eccentric would be exactly perpen** 
dicular to the crank ab; but in order to give the lead of the 
slide, it is arranged so that the radius a e shall attain the ver* 
tical before the radius a & is horizontaL 

It is further evident, fi'om what we have stated, that when 
the eduction port is open at the same time as the port of in- 
troduction, the section of the passage of the latter is smaller 
than the former. 

41. On the Machinery, — The great desideratum, in the ar- 
rangement of the machinery of a locomotive engine, consists 
in the driver being able to direct its movements forward and 
backward, as may be required. These movements are efiected 
by the employment of eccentrics, firom two to four in number. 
There are never less than the former; viz., one for each 
piston-slide. The first locomotives were made with two 
moveable eccentrics. This system was soon found incon- 
venient, firom the effects of wear and play ; also the difficulty 
of changing the motion at high velocities, when the eccentrics 
are not so readily put in action. 

Some engineers employ two fixed eccentrics, but without 
any lead to the slide, or the latter is adopted for the forward 
course only, some retardment being experienced in employing 
it for the backward motion. Havrthom was the first to intro- 
duce four eccentrics, which forms a great improvement. Two 
fixed eccentrics, with a lead both forwards and backwards, has 
since been tried on the railway to St. Germain, the plan of 
which we shall hereafi;er explain. 
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42. JacksofCs System of Two loose Eccentrics. — We will now 
describe the plan employed by Jackson, in his first engines 
with four wheels. A A A A are the frames directing the 
horizontal movement of the piston-rods, which are on the 
larger weigh-bars B B B B. The connecting-rod C com- 
municates the movement to the cranked axle D, on which 
the heads of the eccentrics are mounted, a view of which is 
given in fig. %5. These two eccentrics communicate, by their 
rod E, with a horizontal shaft o, the front view and the plan of 
which are given in figs. 63 and 63', and the sides in figs. 64 
and 66. 

This shaft is supported by copper pillars, p py and receives 
an alternate rotative movement, which is changed, by the 
eccentrics, into an alternating movement, in the slide-rods and 
the levers Z and t. The first receives the movement of the 
eccentric, and the second communicates it to the rod by means 
of the assemblage a. 

The two moveable joints b b receive the vertical rods c c, 
which operate by cranked levers connected with the horizontal 
shaft ff. These cranked levers forward the movement to two 
horizontal rods, which are each terminated by handles, m m, 
which are operated upon by the engine-driver. By drawing 
these handles towards him, he lifts up the rods of the eccen- 
trics, and prevents their communicating their movement to the 
slides, whereby he stops the distribution, and consequently the 
motion of the engine. 

The two eccentrics are placed at right angles, and are, 
therefore, separated by a quarter of a revolution : they move 
on the shaft by means of the lever of engagement L, (fig. 63), 
which is fastened on the shaft a, and is put into motion by the 
medium of the perpendicular shaft &, through the pedal p, 
which is within reach of the engine-driver. There are two 
iron collars, cc^ on the cranked tree, one on each side of 
the eccentrics, which carry a small projection on the outer 
side. When the eccentrics are between the two collars, the 
shaft turns without conununicating any movement to them; 
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but when the eccentrics are carried against either of the 
collars, and the projections from the former, by means of the 
lever of engagement shown in fig. 63, enter the holes placed 
in the steel plate or disc forming the eccentric, then both par- 
take of the rotatory movement of the driving-shaft, and the 
steam is accordingly distributed to both cylinders. 

Therefore, when the two eccentrics are pushed on one of 
the collars, the projection from it soon meets the hole in the 
side-plate, and the eccentrics are engaged. The same thing 
may be done on the other side, but the motion conveyed would 
be the opposite of the first, so that, when the piston is moving 
in one direction, with the eccentric engaged on one side, if we 
engage it on the other the eccentrics either gain or lose a 
semi-revolution, and the slides, which had moved a certain 
distance of their course, instead of continuing it, return back 
again. Fig. 65 shows a side and front elevation of the two 
eccentrics; A shows the section of the discs employed in the 
engagement; a is one of the holes in which the projection 
from the collar enters. In order to understand the change of 
movement, we must study the figures showing the relative 
positions of the eccentrics and the pistons. It will be found 
that, when the piston is in the middle of its stroke, the slide 
opens one of the ports, by simply changing the side of engage- 
ment ; and the slides, after resting motionless during a semi- 
revolution of the cranked axle, are then put into motion 
against the steam, the eccentrics being engaged the other way. 
This change is accomplished during the running, merely by 
the pressure of the foot of the engine-driver on the pedaL 

The driver also has two other handles, m, m\ (fig. 66,) at his 
disposal. These are fastened on the shaft a, which is sup- 
ported on the pillows p bolted to the fire-box. This shaft 
carries a small balance-bar, by furnished with joints at each 
extremity, which conduct the rods tt passing to the front of 
the engine, and which partake of the movement of the draught 
of the eccentric by means of balances similar to b. The shaft 
a receives the alternating movement by means of two con- 

I 
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trivances similar to tt^ situated one on each side the engine ; 
and the two curved levers receive handles which torn inde- 
pendently of each other — one in one direction, the other in 
another; so that the relative movement of each agrees with the 
movement of each slide. These two handles serve to change 
the movement of the slides by band, after having disengaged 
the eccentrics, and to reverse the movement of the engine. 
Thus, if any accident happens to the eccentrics, the driver can 
work the engine by hand, in which case it is necessary to lift 
up or disengage the eccentric rods, the same as explained for 
stopping the engine. 

Fig. 64 also shows the end of the lever employed to lift up 
and disengi^e the eccentric rods. 

When it is desired to change the movement of the engine, 
after being stopped, the driver exerts a continued pressure on 
the pedal, by which he frees the eccentrics ft'om the cranked 
axle, and they draw towards the collar of engagement op- 
posite the other one. He then reverses the position of the 
handles m m, and gives the eccentrics a half-turn, which imme- 
diately receive the pins in the other side, and consequently 
change the direction of the movement. 

43. System with two fast Eccentrics. — The system with two 
loose eccentrics, which we have just described, has been 
abandoned by engineers — the motion of the eccentrics being, 
from its delicacy, very liable to get out of order, and to impede 
the course of the engine. These defects led to the substitution 
of two fast eccentrics on the cranked axle. 

The eccentric £, fig. 67, (plate 39,) fixed on the cranked 
axle A, is terminated by a cross. It communicates the move- 
ment to the slide-rod T, by the assistance of the small 
balance-beam C, which turns on the fixed point O. The 
balance-beam has- two pivots, D D', one at each end, which 
play in the two circular cavities L, by which the balance and 
the slide-rods partake of the movement of the eccentrics. The 
figure exhibits the position of the levers in passing backwards 
in the direction of the arrow F ; the handle, at the command 
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of the driver for changing the movement of the slides, is raised 
and turned by the side of the fire-box ; in proceeding forward 
the engineman lowers the handle by means of a double joint, 
and the eccentric-rod is raised by a crank piece, by the help 
of the roller G turning in the guide H. The cross, therefore, 
leads the balance-beam OC by its small axle IX, and by 
shifting the slides changes the direction of the movement of the 
engine. When the motion of the engine is required to be 
changed, the position of the slides should be modified ; so that, 
when the slide on one side is at the end of the course, that on 
the other side ought to have returned to the end of the course ; 
the inclined planes at the seat of the cross are intended to effect 
this, by taking up the button of the slide-levers and slipping 
it into the seat prepared for it. Great force is requisite to 
overcome the friction of the two distributions. The large 
handle serves to move the slides, and thus to change the 
movement of the engine, but it will not enable the engine- 
man to run the engine by hand, which is a disadvantage in 
engines with one handle only ; but they are more easy to con- 
duct in passing the turn-tables. The vertical handle is employed 
to stop the engine, and the feet of the cross do not give any 
movement : the balance-beam is neither raised nor lowered, 
but remains in the middle. 

It is necessary in this system, in order to regulate the dis- 
tribution equally for running forward and backward, to place 
the crank at the dead point, and to wedge up the eccentric 
on the cranked axle, so that its radius of action shall make a 
right angle with the middle line A O. The angle O A D 
which the eccentric makes in each position, with the bars 
engaged above and below, will give the quantity which 
the slide differs from a true course. The distribution will, 
therefore, be advanced or retained accordingly as the eccentric 
is fastened before or behind the crank. It is shown with an 
advance on two sides in the engraving. If, on the contrary, 
the crank were above it, there would be a retention on two 
sides, 

I 2 
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44. StephensorCs System with four Eccentrics, — This diffi-^ 
culty led engineers to adopt a system which allowed the slides 
to have an advance before and behind. Hawthorn tried a 
third system, with four eccentrics, which was afterwards used 
by nearly all manufacturers. Jackson has employed it, with 
some modifications, in his new six-wheeled engines. Fig. 68, 
(plate 40,) shows the mode of arrangement adopted in Ste- 
phenson's six-wheeled engine. 

The two eccentrics ^ ^' are employed to move the machine 
forward ; and the two others f f to move it backwards. 
These two systems form two to two, at right angles with each 
other; the two eccentrics of each pair are also placed at right 
angles, but the two systems form an angle between them, 
which is less than two right angles, equalling the sum of the 
advances. The two eccentrics e' f communicate the move- 
ment, by means of the axle t' t^, to the slide-rod of the cylinder 
on the left, and e'* f communicates the movement by the 
same axle, t^ t^, to the slide-rod on the right An elevation of 
the eccentric-rods, and of their levers of transmission, is given 
in figs. 69 and 69', (plate 41,) in two different positions. The 
eccentric-rods are terminated by forks y^, with a notch at 
the angle, separating the two branches of the fork. 

These notches are intended to receive pieces which we call 
handles, and which they become united with when the move- 
ment represented in fig. 69' is required to be made. Fig. 69 
shows the position of the eccentric-rods at the instant they 
have ceased to act, that is to say, when the engine is stopped. 
The handle is joined with the levers, and fastened on the 
axles 1 1^ (fig. 70.) The latter turn in brass carriages, fixed 
on the firame of the engine, which are made in two pieces, like 
ordinary supports, and fixed by bolts on the large weigh-bars. 
They are tightened as the copper wears. The levers hV are 
fastened on the same axle : they are of the same length as the 
levers A h\ and the slide-rods m are connected with them by 
tenons and mortices, secured by bolts, which permit of a ver- 
tical movement equal to the curve of the arc described by the 
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lever A A'. The other end of this horizontal rod is fastened to 
the head of the axle of the slides in a similar manner. 

As the forks of the eccentric become attached to the handles, 
they impart an alternating movement to the crank-arms IT and 
the levers h h\ and which convey it to the slides. The levers 
/ and h being of similar length, the course of the slides is, 
therefore, equal to that of the eccentrics. The horizontal 
movements of the slide-rod correspond to the oblique motion 
of the eccentric-rod, while the levers and crank-arms describe 
an arc of a circle, as described by the plates. The seatings of 
the forks and of the levers are constructed of steel, to enable 
them to resist wear. The whole of the joints connecting these 
pieces are required to be free from play and elasticity, since 
the regularity of the action of the piston depends on their 
relative immoveability. 

The eccentrics ^ ef' are placed at right angles, in order that 
their greater axles may also be at right angles, in connexion 
with the cranks, corresponding to the pistons which they work ; 
and they are placed a quarter of a revolution in advance, that 
the port of introduction may be opened when the piston is 
in the middle of its stroke. They are so placed, that the 
piston-rod forces the engine along by pushing the axles when 
they are below, and by drawing it when above, so that the 
wheels proceed, following the curve, and carry the engine with 
them. 

The two other eccentrics are employed to move the engine 
backwards, the particulars and details of which are exactly 
similar to the former eccentrics. The forks take the two ex- 
treme handles n n\ instead of the two handles k h' (fig. 70.) 

The axle i communicates its alternate rotative movement to 
the shafty by means of the lever /?, (figs. 69 and 69'.) A small 
crank-arm, furnished with two eyes, sty is fastened to the axle 
on the latter; and a long rod, with a handle, m, is connected with 
the former, near the driver of the engine. It is by means of this 
handle that the engine is moved backwards or forwards, or 
stopped. In order to prevent the eccentrics acting upon the 
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slides, the lever n, which is connected to the axle c by a joint, 
is lowered, and the seatings on the forks are thrown out of 
gear with the handles, and, consequently, with the slide-rods. 

Fig. 69 shows the handle in the midway position M', when 
the slides are in a state of repose ; and fig. 69*, gives it in the 
position M, that is to say, moving the engine forward. This 
handle is, moreover, fixed in the position required by a 
proper guide, &c. 

When the engine is stopped, the handle assumes the vertical 
position M', and the levers s and ^ y are horizontal : the 
eccentrics are all dislodged, and merely move the levers nn' 
round their point of rotation c, without acting on the slides ; 
the other eccentric rods are also supported by similar levers. 
The distribution, however, being stopped, the engine would 
merely continue in motion from the impetus it had acquired. 
When the hand lever is brought to the last notch of the stop, 
the positions of the levers of the eccentrics are changed, the 
lever y rises, and takes the position p (fig. 69'), by moving 
round the turning point j. The lever p" is, on the contrary, 
lowered to the position p', and retains the eccentrics for back- 
ing ; so that their notches do not engage the axle a, or the 
lever of the advance-movement 

When, on the contrary, the hand-lever is brought into the 
position M'', the rods of the advance-eccentrics ee* are disen- 
gaged, and the others, ff*^ are put in connexion with the 
driving-axles of the slide-rods. We see, then, that the engine 
takes either a forward movement or a backward movement, 
simply by placing the hand-lever before or behind. The 
movement of the axle i is communicated to the axle^ by means 
of the lever /? (fig. 69'); and this axle^' is itself in connexion 
with the rod with the handle T, which the driver has at his 
disposal. These rods, which are put in movement by the 
eccentrics, occasion some friction in the engine. It will be 
perceived, that, in this system, the eccentric-rods are suspended 
to levers and to vertical pieces, attached, either directly or in- 
directly, to the lever for changing the movement. This affects 
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their solidity, bo that the seatings on the forks are liable to 
break away from the handles. Some engineers have^ there- 
fore, placed the lever of the eccentrics above the axle of com- 
munication, with the forks in an opposite direction, so that the 
forks press on the axles with all their weight during the move- 
ment. But this arrangement is open to serious objection : for 
if the rods of the eccentrics, opposed to those which are in 
movement, should by accident fidl on the axle, fracture would 
be very likely to arise, whereas this could not occur with the 
former plan. 

This arrangement is adopted by Stephenson and other 
engineers, with various modifications in the communications 
of the movement The employment of a single lever to 
change the direction of the engine, by altering the order of 
the introduction of the steam, is convenient, but it presents 
the inconvenience of not permitting the engine-driver to work 
the slides by hand for short distances, if an accident should 
happen to the eccentric-rods. 

It is unnecessary to state, that the lead of the slide can be 
arranged, by this system, for the forward as well as for the 
backward course, by making a sharp angle in the con- 
nexion of each eccentric with the corresponding crank. 

45. Jackson's System with Four Eccentrics. — An arrange- 
ment with four eccentrics has also been adopted by Jackson in 
his new six- wheeled engine. La Versailles (fig. 7I5 plate 42). 
A shows the side-elevation, B the plan, C the front elevation. 
The principle of engaging and of disengaging is the same as 
Stephenson's. The forks of the eccentrics communicate the 
movement to the slide- rods t, by means of guides oo\ The 
driver of the engine changes the movement from a forward to 
a backward course by raising the pin d, which holds the lever; 
the spring which secures the pin then rises, and the engine- 
man draws back the handle M to the position M' ; the pin d 
is again applied, when the handle is fixed immoveable in the 
notch. During the passage of the handle M to the position 
M', the rib T acts on the crank-arm e^\ turning on the shaft p, 
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also on the double one ed* The extremity of the crank-arm 
passes from/to^ the extremity g of the lever e goes to g\ also 
the two levers g A, gj go to g[U^ ^fy while the extremity k 
moves to p\ and the two levers k I and k m pass to kl^ Vm\ 
so that the eccentrics which were originally engaged are dis- 
engaged, and vice versd; the direction of the movement of 
the engine is then changed ; since the eccentrics are two to 
two, there is a loss of a semi-revolution* 

When the handle M is placed in the middle notch, the 
double lever e e is horizontal, the four rods g k, gj^ kl^km 
are vertical, and the four eccentrics are disengc^ed. This 
system possesses the advantage of being more simple than 
Stephenson's. It is also composed of stronger pieces, is less 
liable to vibrations arising from elasticity, and is therefore 
more precise in its action. 

We have already stated that the notches in the forks were 
for the purpose of regulating the distribution in a symmetrical 
manner, and changing the direction of the motion. When in 
the midway position, the notches do not act on the distri- 
bution, they ought, therefore, to be at a distance, so that, in 
the alternate movement, when they receive the eccentrics 
they shall not meet the handles of the slides, however they 
may be situated. 

46. System of Four Eccentrics employed at Haigh Foundry, 
— The system employed at Haigh Foundry is not very diflfer- 
ent from Stephenson's and Jackson's. Fig. 72, (plate 43) gives 
an idea of it The balance-beam A turns round the fixed 
point o, gives the movement to the slide-rod T, and receives 
it by the notches on the fork. The two eccentrics B are en- 
gaged, and the two others B^ which are employed for the 
backward course, are not 

The change of movement is e£Pected by means of a lever, C, 
furnished with a handle, M. The three positions which the 
handle takes are regulated by the rod D, which is furnished 
with three notches at the end, and play on an axle G, situated 
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at the end of the engine, which, being beyond the reach of the 
driver, is evidently an inconvenience. 

This arrangement is very much like that of Jackson's new 
engine, and, like all the other systems with four eccentrics, 
affords a lead both forwards and backwards. 

47. Theory of the Distribution with Two Fixed Eccetitrics. — 
The change of movement with two fixed eccentrics is made 
after the same plan as that previously employed with engines 
used for mining purposes, by re-attaching the eccentric rod to 
the opposite side of the lever of the slide. 

If the system of securing the eccentrics on the lower lever 
for the forward course were continued, the distribution would 
experience delay on both sides, as we will explain. Let og 
(fig. 73, plate 44) be the crank at the dead point, &c and c b the 
lever of the slide, and let us suppose that the eccentric rod is 
fastened at c for the forward course (curve /), and at V for 
the backward course (curve/'). 

It is necessary, in order that the eccentric may be securely 
&stened, that when the crank is at the dead point, the radius 
of the eccentric should be square with the eccentric rod ; (the 
position of the latter varying) the proper position would be 
at oa\ and the radius of the eccentric would be placed at 
right angles on the centre line o a. 

When it is desired to move the engine forward, the eccen- 
tric-rod being represented by o c, the eccentric should be at 
o c'\ at right angles with o c, instead of which it is at od\ it 
will therefore be delayed, the crank moving in the direction of 
the curve/ 

In the backward course of the engine (curve/'), o V being 
the eccentric-bar, the eccentric ought to be at £? b"^ but it is at 
o ct : thus, there is the same quantity lost with this movement, 
the quantity represented by the angle c", o a'=a', o V'=^b\ 

hoc 

oa=^. 

In order to have the lead suitably arranged, it is necessary 
to place the eccentric at l!'; a lead is then given to the forward 
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course by the angle t\ o d'; but the delay in the backward 
course is also very considerable, which is represented by the 
angle 1f^ o b'\ 

A lead may, however, be obtained in both directions, by 
placing the eccentric bar at V for the forward course. The 
eccentric will then be fastened at a\ (fig. 73) for the normal 
march ; the lead for the forward course would be represented 
by a', o V\ and the backward by an angle equal to a , o d\ 

As this lead is generally insufficient, it may be doubled 
without causing any retard in the backward course. It is for 
this reason that many engineers shorten the eccentric rods 
and increase the length of the levers of the slide& They are 
thus enabled to obtain a considerable lead in each direction 
(fig. 74, plate 45.) 

The inclination of the eccentric^rod presents an inconveni- 
ence which is too important to be passed over. If, by any 
cause, the spring supporting the boiler descends or rises, the 
movement which the eccentric-rods convey to the slides has 
the effect of deranging them. Thus, if we inquire what would 
be the movement of the slides for an oscillation of *79 of an 
inch of the spring, we shall find it would amount to -079 of 
an inch with the distribution shown in fig. 67, and to *138 
of an inch with the distribution shown in fig. 74. We have 
even found it to equal '315 of an inch by another arrangement, 
in which case the irregularities resulting from it would be 
very injurious. 

This effect is explained by fig. 73'. Let us suppose that 
the axle lowered itself to o, the eccentric-rod would take the 
position </ b"\ and would derange the slide to an extent equal 
to V h'\ 

48. Mr. Cavds System^ with Ttoo Fixed Eccentrics. — We 
have already shown the possibility of having a lead both back- 
wards and forwards with two fixed eccentrics, depending on 
the angle formed by the rods of the eccentric in their two 
extreme positions. 

We have already stated that, until the present, this angle 
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has been quite insufficienU Mr. Cave shortened the rod 
of the eccentric in his first locomotive, and increased the 
length of the levers of the slides, so that the angle of the lead 
averages 15^ for the course forwards and backwards. This 
angle may even amount to 30^ for the forward course, without 
causing any retard to the backward course. 

The system of distribution is indicated in figs. 74 and 74', 
(plate 45.) The lever of the slides a a! turns round a point, o, 
placed at the level of the axle of the cylinder, so that the in- 
clination of the two bars is the same ; and the inconveniences 
of this inclination are thus reduced to a minimum. 

The eccentric is connected with the upper handle for the 
forward course. 

It may be remarked that the lever of the slide fills the 
same office as the feet of the fork, by means of its curved form; 
the handles, being fixed to the eccentric, force the slide to 
shift by acting on the lateral curves,* when the movement is 
reversed. 

We may observe one great advantage of this distribution, 
Tiz,, the re-covering the slide for the introduction of the steam. 
It opens the entrance-port at the commencement of its course 
only, and shuts it well before the termination. The port of 
escapement is opened prematurely, and cleared of a quantity 
rather less than that which is given by the lead. 

49. Hawthorn's System. — The whole of the engineers whose 
methods we have at present examined, employ eccentrics for 
the distribution, notwithstanding this system is said to present 
the inconvenience of being too feeble. Hawthorn at length 
introduced a change in his engines, {see fig. 75, plate 46 ;) he 
makes use of the same movement — viz., the connecting-rod — 
to distribute the steam to the slides. 

A roller A terminates the connecting-rod B, which turns in 

* This arrangement has heen modified. The foot of the fork has heen 
since placed upon the eccentric rod, and its hranches increased to suit the 
aro described by the intermediate rod, which is longer, and answers, more- 
over, for a more extensive run of the slides than is usual with locomotive 
engines. 
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the rectangalar guide-piece C. This piece passes up and down 
during the rotation of the connecting-rod on the cranked axle* 
The point D C describes a portion of the circumference^ and 
the movement is communicated to the point F, where it is 
changed into an alternating movement It is thence conveyed 
to the slide-rod, by means of the lever E F and the cross G. 
The figure represents the position of the pieces for the forward 
course. When the movement is required to be changed, the 
handle M is put in requisition. If the engine-driver brings it 
vertical, the whole is disengaged ; the piece B then takes up 
a position in the middle of the balance £F, and does not 
engage either with the point £ or the point F. When the 
handle has passed the vertical, it makes an angle with it 
equal to that |which it made on the other side, as shown by 
fig. 75, then the points H and I describe arcs of a circle; the rod 
J rises, and brings the seat of the cross G to the upper part of 
the balance £, this movement taking place while the crank 
makes one revolution, by which the movement of the slides is 
suddenly changed, and the direction of the engine is re- 
versed. 

It is requisite, in order to obtain a lead for the forward 
course, to fix the length of the lever L so that the piece C 
shall open the port of introduction before the piston arrives at 
the end of its stroke : thus, as the crank is represented hori- 
zontal in the figure, the piston is at the end of its stroke, and 
the port of introduction has just been opened. As respects the 
backward course all is symmetrical, since it is evident that 
this method allows of an advance forward as well as back- 
ward. 

Hawthorn has adopted a very ingenious method of in- 
creasing and diminishing the lead of the slide in several of 
his engines, which is founded on this system, and may be done 
in a few moments ; it consists in increasing or diminishing the 
length of the lever L, and in fixing the point I farther or 
nearer the centre. 

This system possesses an advantage over the eccentrics, in 
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having a more considerable element of movement While the 
course of the eccentrics is not more than 2^ to 2| inches, the 
connecting-rod, on the contrary, makes a vertical course at the 
point A, from about 10 to 1 1 inches. It therefore results, 
that the loss of movement arising from the play, wear, and 
elasticity of the movements, is much greater in the eccentric 
system than with this. 

50. On the Outer Frame. — ^The engine is supported all round 
by large exterior sleepers, consisting of ash- wood, {see fig. 76, 
plate 47.) The sides n are about 3 inches thick by 7 inches 
deep» and are covered with wrought-iron plates, ^ of an inch 
in thickness, which are fixed by iron bolts properly riveted. 
The four pieces of wood are joined by tenons and mortices, 
and the comers are secured, both outside and inside, by 
wrought-iron angle-irons, bolted together. The fire-box, 
boiler, and smoke-box, are fixed on this frame by iron sup- 
ports, and strongly secured to the sides of the boiler by bolts, 
{see fig. 77.) Strong wrought-iron plates are bolted to the frame 
on both sides of the axle, which serve as guard-plates to them, 
and support the carriages in which the axles turn, and coun- 
teract the shocks which the wheels experience. The guard- 
plates of the driving-wheels have also to resist the horizontal 
shocks arising from the action of the cranked axle. The 
whole of the guard-plates are, on this account, joined together 
by iron rods, fig. 78, (plate 48)^ which are bolted directly to the 
frame at a. The guard-plates of the carrying wheels are also 
furnished with a connecting-bolt below, &, which joins each 
side together beneath the axle. 

There is a chain at g, (fig. 79), terminated by a hook, by 
which the train is attached when the engine draws going 
backwards, and which is passed through a ring bolted to the 
frame. The rods a a (fig. 76) serve to join the tender with the 
engine, and are required to resist both pressure and com- 
pression. The wheels are covered, to prevent their throwing 
up the sand or dirt, which is attracted by their rotative move- 
ment, and which would dirty the axles in friction. The Ion- 
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gitudinal frame is sometimes made of iron, and placed inside 
the wheels (fig. 79). Bury adopts this arrangement in his 
engines, the cross-piece lying at the end remaining of wood, 
the iron crossings are fastened tc^ether square by bolts ; and 
the whole is secured by angle-irons. These crossings are in 
one piece, and the supports of the springs are fastened with 
overlapping bolts. This system has the advantage of taking 
up less room than exterior framing, but it presents greater in- 
conveniences, which we shall refer to hereafter. 

The piece e (fig. 79) is placed a short distance from the 
rails and in front of the engine, to throw off any stones that 
may be on the line. It can be fixed at any height, as it slides 
in the grooves c ^. The buffer/ is filled with horse-hair, sup- 
ported by spiral springs for the shocks. The guides G of the 
grease-boxes are fastened to the fi^me by bolts h V, 

Fig. 79' describes the design of the firame used by Sharp 
and Roberts, and which unites elegance with strength. The 
dimension in the direction of the resistance is 7| inches. 
This form was adopted to avoid the use of long guides, which 
are necessary for the carrying wheels, when the frame is hori- 
zontal. The frame, by this plan, joins each of the axles, and 
the guides are, therefore, uniform. 

51. On the large Cross-pieces or Weiffh-bars. — Fig. 80, (plate 
50), shows the mode of securing these inside crossings, which 
are three or four in number. Those in the middle are some- 
times divided for the driving-axle; they are constructed of 
wrought iron, and fastened to the inside casings of the fire- 
box and smoke-box. Figs. 80 and 80> exhibit two different 
systems. The first is employed by Tayler; a piece of iron 
surrounds the fire-box, with lugs set at right angles, to receive 
the crossings. The latter serve to secure the cranked axle to 
the cylinder-box, and to strengthen the several parts of the 
engine. They support the cranked axle in three or four 
places, as well as the two other axles, so that they are enabled 
to resist the lateral concussions, and the action of the piston 
in its stroke forward and backward. 
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The shafts connected with the distribution in Stephenson's 
engines are supported at four points by the weigh-bars. The 
latter are fastened to the fire-box and the smoke-box by iron 
knees, which are properly rivetted to the plates of the former, 
and to the cylinder- box. 

The plates which are required to guide the pbton-rods are 
bolted on these weigh-bars, which are often obliged to be 
inclined from the fire-box to the cylinder- box, in order to 
allow the cranked axle to pass. The weigh-bara are not made 
thick, (about ^ of an inch,) but they are of great depth, (about 
3i inches.) 

Jackson has fixed the carriage belonging to the cranked 
axle to the fire-box, in his last engine, without prolonging the 
weigh-bar next the cylinder-box ; but this plan appears to sub- 
ject the fire-box to considerable shocks. We give a section of 
it in fig. 81 : the iron frame A is fastened to the fire-box with 
rivets, and receives the guide B, with gibs and cottars. The 
weigh-bars are sometimes made of two small iron plates, joined 
like the guides of the grease-boxes; and the bearings are 
placed between them. The manufacturers frequently employ 
only one plate, and form an enlargement at the parts intended 
to receive the bearings, as indicated in figs. 79 and 80. 

In Bury's four-wheeled locomotives the weigh-bars support- 
ing the weight of the engine are placed directly inside the 
wheels, above the axles, which gives them an appearance of 
greater lightness, since the wheels are free on the outside. 
This plan, however, is prejudicial to its strength generally. 
The outside frame joins the sides to the front and back, and 
renders the engine stiffer when in motion. It is also of great 
assistance, in the event of the engine leaving the line — the 
destructive effects of which are much reduced by the strength 
of the pieces, and more especially by this frame. It is highly 
important, and even indispensable, that the engine-driver 
should have access to every part of the engine, even during 
the running; and when the wheels are covered with sand- 
giuurds, this frame forms a sort of plank, which the engine- 
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man uses to inspect certain parts, and to grease those which 
are subjected to much friction. The removal of the outside 
frame and weigh-bars is of no advantage in diminishing the 
friction. The cranked axle is never so firmly held when its 
supports are near the centre as when thej are applied at its 
extremities, the parallelism being so much more difficult to 
preserve in the first case. 

52. On the Grease-boxes and Inside Supports. — The guard- 
plates* which we have before referred to, and which are 
attached to the outside frame, receive the grease-boxes in 
which the axles turn. They are generally all alike {see fig. 82, 
plate 51.) 

The apertures B'B' are intended to hold the oil employed 
to diminish the firiction. The cavity C, in the centre, receives 
the rod which communicates the pressure to the springs. 

Figs. 83 and 84 give the detidls of the boxes which receive 
the grease, according to Stephenson's practice, A A is an iron 
box, enclosed at the end and sides. The interior of the box 
A is octagonal, and receives the brass bearings, on which the 
gudgeons of the axles turn. A projection is made fix>m the 
carriage at the middle of the gudgeon, which enters the cavity 
E, and secures it to the guides. The two brass tubes F F 
admit oil to the gudgeon, and are fastened with screws on the 
carriage itself; there are pieces of cotton in these tubes, which, 
being dipped in the oil, form siphons, and feed the gudgeon 
constantly in an economical manner. The bottom is enclosed 
by a piece of iron, and fastened to the piece A by bolts, U, (fig. 
83'). The circular part of this piece C is not concentric with 
the gudgeon, and therefore does not touch it The upper 
part of the grease-box is shut in by an iron cover, which 
serves to protect the oil. 

Jackson makes the grease-boxes in the following manner, 
(fig. 84). All the upper part A is formed of copper, and the 
lower part, B, of iron, and they are secured together by a bolt. 

The supports connected with the interior weigh-bars are 
remarkable for their wearing out in the two horizontal direc- 



LOCOMOTIVE ENOmE. 129 

tions only, on which account these parts of the bearing only 
require to be tightened. The weight-bars A A are enlarged at 
B (fig. 85), and a rod D unites the two cheeks of the enlarge- 
ment C C, passing through a collar, which prevents their re- 
approaching. The two wedges £ E upon each side serve to 
tighten the bearings when they are worn in a lateral direc- 
tion; they present faces parallel to the bearings, and rub against 
the adjusting faces situated within the cheeks C. The bear- 
ings pass the wedges on each side, in such a manner as not to 
take any cross movement. The axle never presses vertically 
on account of the springs, which convey the pressure to the 
external grease-boxes and gudgeons. The upper parts of 
the two screws are furnished with two small cog-wheels, in 
which the spring B engages. The same plan is adopted when 
the bolts are submitted to great movements, to prevent their 
becoming loose. There is a fixed point in the middle of the 
spring, which permits it to act on each screw. 

Fig. 86, plate 53, gives the mode adopted by Jackson in his 
four-wheeled engines. 

a a is one of the plates forming a cross piece, which is 
fastened to another similar one, between which the bearings 
bb aie placed. They can be tightened as they wear, by means 
of bolts c c. A system of double wedges, terminated by screws 
and double nuts, retains the bearings in their places. The 
plate d secures the two cheeks and receives the action of the 
nuts. 

Fig. 87 gives a section of the grease-box generally em- 
ployed for carrying wheels, and for the axles of wagona A 
and B are the iron pieces, and c is the copper bearing on 
which the entire weight of the engine rests : there are bolts 
at D which join the two pieces A and B together. The axle 
never rests on the piece B. 

53. On the Springs. — We have stated that the weight of 
the engine is conveyed to each of the axles by the springs. 
Those connected with the driving wheels are the strongest, 
and are composed of twen^ steel plates, which are attached 
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above the exterior frame (fig. 88). The jointed levers cA, 
which yield to the movements of the engine, hold the 8{Hings 
and receive the weight of the engine. The springs of the 
canying-wheels with flanges^ are below the frame (fig. 89), and 
are held by levers united to the cheeks of the guides by bolts; 
a rectangular iron-piece is fixed in the centre of each spsing, 
and is held by an inside bolt, extending to the grease'-boxes, 
which thus support the entire weight of the engine, the wheels 
and axles excepted. This arrangement reduces the destruc- 
tive effects of shocks veiy much, and the latter are very in- 
jurious at high velocities to every part of an enghid. 

The springs require to be made of a certain number of 
metal plates, of the best possible steel; they should be all 
joined two and two by small pins, let into one and entering a 
mortice placed in that which is immediately beneath it, which 
prevents any horizontal movement The rectangular stnqp 
fastens the whole of these plates together. The q)ring9 must 
be unifcMrm in elasticity. The first plate only ought to be 
curled at the ends, at c c, and fixed to the pins of attachment 
(fig. 88.) In many engines, more particc|lariy in thode made by 
Hawthorn, they JEure able to tighten the tensicm of the epnng 
of the driving wheels at wiU, by which they obtain a gt«ater 
portion of the weight of the engine, and consequently in- 
crease the adherence, since it is proportionate to the weight 
supported by the driving-wheels. 

Buffers are fixed at the ends of the carriage-frames, which 
are filled with horse-hair, and intended to counteract the 
effects of shocks, when the engine meets another carriage (see 
fig. 79, plate 48). These buffisrs are at the same distances 
fix)m each other, and at the same height, throughout the same 
railway. The meeting of two carriages, therefore, presents no 
inconvenience. The buffers of most engines contain a spiral 
spring, which renders their action still mqife perfect 

54. On the Wheels. — The wheels are of twp kinds, and 
either four or six in number, according to the manufacturer. 
The first locomotives were constructed with four wheels, and 
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belong to that class of which Jackson's first enginie may be 
considered the type. We have explained that six-wheeled 
engines are adopted on nearly all the present lines. These 
engines admit of the surface of the grate being increased, 
abo the weight of fiiel: they also partly correct the effects 
of the plunging, by fissisting the driving with four other 
wheels. 

These wheels require to be constructed in the most solid 
manner, since they support the weight of the en^ne, and 
transmit the whole of the action which produces the locomo- 
tion. The tire of eadh should present su£Scient adhesion, 
and be able more particularly to resist the wear at the angle 
near the flange. It should be securely fixed to the spokes, 
which have to resist the effects of flexion and crushing. The 
spokes should be joined to the naves, which require to be 
strongly wedged on the cranked axle, so that these may ap* 
pear one piece. In short, the cranked axle and all the several 
parts connected with the driving*wheels ought to be put toge- 
ther in such a manner that the whole may be perfectly solid, 
and capable of resistance at every part. 

Stephenson makes the driving-wheels of his six-wheeled 
engines 5 feet in diameter, and without any flanges. The 
two other pairs are placed, the one pair behind the fire-box, 
and the other behind the smoke-box : these are made 3 feet 
6 inches in diameter, and are each furnished with a flange on 
the inner edge to prevent their running off the rails. They are 
invariably wedged to the axles, which turn in the grease-boxes, 
already referred to, the same as the driving-wheels. The 
construction of these wheels is described by fig. 90, plate 54. 

The driving and carrying-wheels are constructed after the 
same style, llie diameter of the driving axle is about 6 inches, 
and that of the gudgeons of each of the three axles about 
3 inches. 

The naves are formed of cast iron ; the diameter of that 
connected with the great wheels being 1 foot 9 inches, and of 
the smaller ones 1 foot 3 inches. They are each fixed to the 

R 2 
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axle by four tightening keys, which fit four grooves formed 
in the axle, and nave. These four keys support the entire 
weight of the engine, and the wheels are readily and truly 
fixed by this system of wedging. The voids left in the nave 
are merely adopted to diminish the weight The rims of the 
wheels F are formed of cast-iron, 4^ inches in thickness all 
round, and a void of 2^ inches is introduced. The lower 
cheeks C are intended to receive the spokes, which are of 
wrought-iron, 2^ inches in diameter at one end, and 2 inches 
at the other, and f of an inch in thickness. They are twenty 
in number, and are fixed in the nave and the rim of the wheel 
in an inclined position, and cross each other alternately. 
This method afibrds the greatest strength to the wheel, and 
enables it to resist the effects of shocks and friction, by 
maintaining it in a vertical position. The ends of the spokes 
are covered with a layer of borax, in order to secure the con- 
nexion with the nave, and upon the openings being stopped, 
they are placed in the sand, in communication with the 
moulds of the rim and nave ; upon the metal in fiision ap- 
proaching these ends, the borax gradually becomes melted, 
and completes the adhesion. The nave is run first, and left in 
the sand about three quarters of an hour, when the rim is 
cast This is necessary fix>m the latter contracting so much 
more than the former in the cooling, on account of its larger 
size. This has the effect of binding the spokes to the centre; 
if, on the contrary, the rim and nave were cast at the same 
time the wheel would be liable to rupture fix>m the unequal 
contraction of the parts. The iron circle, or tire I, serves to 
enclose the wheeL It is made of wrought iron, hammered, 
and rounded by the hammer to the diameter required, and 
welded together. The tires of the wheels (with the exception 
pf the driving ones) are furnished with a projection or flange 
on the surface, which rests on the inner edges of the rails. 
The surface of the tire is conical, and, therefore, presents the 
same inclination as that given to each rail towards the centre 
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of each line of way. This contrivance also tends to keep 
the engine constantly on the way. The difference resulting 
from this conicify accommodates the engine at the curyes, 
where one wheel requires to traverse a greater distance than 
the other connected with it. 

The friction of the flanges against the rails is never con- 
tinuous along the curves, Although the former maintain the 
engine on the way. The tire of each wheel is put on in a 
heated state, and its contraction in cooling has die effect of 
binding the wheel together. It is important that all the joints 
of a wheel are firm, so as to be able to resist any change of 
form from pressure or shocks; but it is equally necessary in 
the operation of tightening by heat not to exceed the limits 
due to the elasticity of iron, otherwise the tires would break, 
after being a short time in use. The tires are fixed to the 
rims by bolts, with countersunk heads, and each pair are 
turned of exactly the same diameter. 

The driving-wheels are laiger than the others, and are fre* 
quently formed without flanges ; those of the other wheels 
being considered sufficient to keep the engine on the way. 

The wheels of locomotive engines were originally con- 
structed entirely of cast-iron, but it was found difficult, or 
even impossible, to prevent unequal contraction in the cooling; 
they, moreover, were scarcely able to resist the shocks to 
which they were exposed. The casting was also rapidly 
destroyed at the angle made by the flange in firiction with the 
rail ; and it was observed that its adhesion was not equal to 
that of wrought-iron. 

Wooden spokes have been tried on the Liverpool and 
Manchester railway, armed with iron, which were found to 
possess greater elasticity. 

Fig. 91 (plate 55) gives the section of a carrying-wheel used 
by Stephenson, the spokes of which are in cast-iron, and 
placed in the casting at the time of running it We have 
already explained that cast-iron does not offer sufficient secu- 
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rity on account of the violent shocks to which the wheels 
are subject. The keys for wedging the wheels to the axle 
are as many as four in number. 

A wheel formed entirely of wrought-iron, with the ezcep* 
tion of the nave, has been adopted by Jackson^ which system^ 
although expensive, has the advantage of great strength. The 
spokes are generally about twenty in number, and are wrought 
separately ; the end which is let into the nave is slightly 
forked, which enables the metal forming the casting to take a 
hold while in a state of fusion. The other ends of the spokes, 
which are plain, and formed with a circular section, are split 
into two flat parts, and bent to thei^iape of the circumference 
of the wheel, (see fig. 92.) An iron circle, forming the rim, is 
placed on these curved pieces, and is united to them by strong 
rivets. The rim is directly enclosed, by an iron-tire, in the 
usual manner, furnished with flanges on the circumference* 
There are, also, five or six other rivets passing through the 
curves of the spokes, the rims, and the tire. The tire further 
covers the interior side of the rim, as may be seen by the sec- 
tion; but with a thickness of 1-lOth to l-7th of an inch only 
sometimes. 

The wheels are sometimes made of a single piece of iron, the 
nave excepted, which plan is in every respect superior to others. 

The diameter of the wheels of locomotive engines varies 
according to the nature of the work they have to perform* 
Thus, the driving-wheels of engines, employed in the con- 
veyance of goods, constructed with great tractive power, and 
travelling at a slow rate of velocity, are 4 feet to 4^ feet 
in diameter. They are also coupled with the firont wheels, 
which are of the same diameter. 

The weight of passenger-trains being always limited, the 
driving-wheels of the engines employed in drawing them are 
of larger diameter than the former; they are made about 
5 or 5^ feet in diameter : some engineers make them 6 feet, 
which it is not improbable will be generally adopted. 

The increase in the diameter of the wheels is important as 
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it increases the speed. Branel has made the driving-wheels of 
the locomotive engines, on the Great Western railway, 7, 8, 
and even 10 feet in diameter, the results of which have not 
perhaps been preciselj what was expected; the speed, how- 
ever, has been increased in a great proportion, since these 
engines have made several trips, with a weight of 40 tons, at 
a mean velocity, from 34 to 37 miles an hour. 

The carrying-wheels of locomotive engines are generally 
three feet in diameter; some en^neers have very properly 
increased the diameter of the front wheels of the six-wheel 
engines to four feet. This forms an improvement; as these 
wheels support a large portion of the weight of the engine, 
they have a powedul efiect upon the way when of too small 
diameter. 

55. On the ctmnexwn of the Engine with tlie Tender. — The 
friel and water which are required by a locomotive always 
accompany it These requirements are supplied by the 
tender, which is joined to the engine by a contrivance which 
allows of movements in every direction, (see fig. 93, plate 
56.) This is indispensable, as the tender seldom follows direct 
after the engine. A is one of the pieces of wood of the out- 
side frame. The iron plates ide receive the pin t, which 
passes through the coimecting bar bffh, the latter being ter- 
minated at each end by a pin-hole: the pieces of plate-iron E £ 
extend the entire length of the tender. Fig. 94 shows the 
mode of connexion employed hj Stephenson ; the difference 
between this mode of joining and the preceding, consisting 
in one . being only taken to the fire-box, while the other is 
secured to the frame. 

The feed-pumps, which connect the engine with the tender, 
are attached to the feed-pipea These pipes have been made 
both of leather and caoutchouc, but these were not sufficiently 
strong. It was found, moreover, necessary to substitute metal, 
in order to be able to return the waste steam to the tender. 
They are generally made of copper, and disposed so as to be 
capable of moving in every direction* 
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Jackson, and other engineers, employ the adjusting-pipes 
shown by figs. 95 and 96, (plate 57.) The two spheres a b 
form jomts, and permit of any movement The pipes c d 
have a particular joint A piece e receives the pipe dy which 
is screwed into the former. The pipe y* passes along the inside 
of the pipe g^ and rubs against the guides 1 1, and admits 
of a movement perpendicular to the section of the pipe itself. 
The lugs H serve to suspend the pipe to the engine or 
platform, by which the different movements which the pipe 
requires to take are not affected. 

On the arrival of the engine at the terminus, the driver 
sometimes requires to detach it from the tender. It is, there- 
fore, necessary to employ some ready way of accomplishing 
this. The holding-pin is soon removed, since it is merely 
secured at the lower part by a key. One of the screw-collars 
e is then unscrewed, and the tube d is separated firom the 
tube c; this collar rubs along the pipe at j9, and buts against 
the projecting part which forms a stop, and which is pinned 
down on the body of the pipe d. This mode of connexion 
leaves nothing further to be desired both in reference to 
strength and the facility with which it may be taken to pieces. 

The inner pipe^ which, as we have already observed, rubs 
along the guides 1 1, is also in friction on the collar m m\ 
which can be tightened as it wears. The pipe/ slides out and 
in, accordingly, as the tender leaves or approaches the engine. 
The bolts h hf serve to tighten the balls a and b as they are worn. 

Care should be taken to grease all the surfsu^es in fiiction 
before starting. There is a great loss if the surfaces remain 
wet instead of being greased. 

Figs. 97 and 98 give the elevation and plan of a new mode 
of connexion between the tender and the boiler, which is 
employed generally with the engines on the Saint Germains 
railway; loss of water which is so common by every other 
system is, on the contrary, very rare with the one we are about 
to describe, unless from neglect. It is composed of six 
conical joints, ab c^af b&^ The pipes are formed of copper. 
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and enter onie into the other, as Rhown in the section, (fig. 99.) 
The male-part is tamed conical, and enters into the female-^ 
part, which is polished. These joints are protected hj wrought- 
iron straps, as shown at d, with a pressure-screw on their 
upper parts; and they are attached with screw-bolts below 
K K, upon which they are able to turn. All the joints are 
made after the same manner, and permit of movements in 
every direction — viz., the three first, a ft c, in the horizontal 
plane, and a^V & ia the vertical When the tender approaches 
the engine, the joints a'l/i/ perform a slight rotation ; the 
point E approaches the point D, the point T inclines towards 
C D ; and the action is probably the same when the engine 
rises or lowers. The joints afJ/d answer for all the hori- 
zontal movements ; the joints ah c perform a slight rotation, 
which movements are continuous. These six joints partake 
of the same character as universal joints, in permitting move- 
ments in every direction ; but the latter are disadvantageous 
in being dear, difficult to make, and to keep water tight. This 
new connexion is, therefore, more advantageous on every 
account When the engine is required to be separated from 
its tender, the operation is very simple ; the pressure screws 
are loosened, the straps turned upon the bolts K K, when the 
conical parts become separated from the pipes with which 
they were engaged. The part C D is situated near the engine, 
and a h next the tender. The arm C is in connexion with 
the platform occupied by the engine-driver, by which the 
lower horizontal part is sufficiently raised to be out of the way 
of all obstacles along the line, llie cock v presents a commu- 
nication between the pipes and the boiler for the feeding. 
The collars m m' serve to suspend the piping, which is effected 
partly by chains and partly by a spiral-spring, which neutra- 
lizes the shocks. 

66. On the Tender. — The tender contains the water and 
coke, also all that is necessary for the engine-driver, both 
during the running and at the station. The general con- 
struction varies according to the maker, and does not offer 
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aoything remarkable. There are two buffers ee behind the 
tender, corresponding to those of the carriages, (see fig- 89*.) 
These bufiers are fhmished with an iron rod ft, which passes 
the collar e, and is connected with a spring r, which receives 
the shocks. The ring g^ which serves to attach the train, is 
secured by a rectangular iron piece a, through which the 
spring passes, this latter being fietened at the points ft d to the 
buffer rods. 

It is furnished with from four to ax wheels, formed of cast- 
iron, in one piece, and enclosed with an iron-tire, with flanges, 
and is wedged upon the axles. The grease-boxes are similar to 
those of the enginea The springs are supported on the outer 
frame, (see fig. 89.) The guides of the grease-boxes are also 
fiistened together by rods in the ordinary manner. 

The reservoir for water is composed of plates of sheet-iron 
l-5th of an inch in thickness, riveted together, and united at 
the angles by angle-irons : it is supported by iron brackets 
bolted to the firame. The upper part of the reservoir is 
covered with a box formed of sheet-iron, which is divided into 
four departments, intended to contun various things which are 
required by the driver of the engine, such as the oils, unguents, 
cloths, tow, &C. The water passes firom this reservoir to the 
pipes of the pumps, through a small metallic cap, which is 
generally conical, and pierced with a great number of holes, 
but shut in on every side, which prevents any extraneous matter 
getting into the barrel of the pump. 

The middle portion of the tender, below the reservoir, is 
filled with coke. 

Fig. 100 (plate 69) gives a section of the water-tank of the 
tender. The level of the water is at aft; the section is similar 
on the other side of the tender. A cock, furnished with a 
vertical rod. A, permits the water to introduce itself into the 
pipe of the pump. The filterer c is indispensable, as the least 
impediment would prevent the play of the valves. The 
handle m is within the reach of the driver, and enables him 
to regulate the section of the supply of water to the pump. 
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57. On the Break. — The break is ODe of the most im* 
portant contrivances connected with the tender, since it serves 
to moderate the speed of the engine. It operates on the 
wheels, by creating friction, which opposes the movement of 
the engine. 

Fig. 101 (plate 60) shows one of the most simple breaks, 
which acts on one wheel only ; it consists of a block of wood 
B, hollowed oat to fit the outside of the wheel; it is fastened 
with an iron plate, and turns round a fixed point, near the 
firame of the tender. The lever L, with which the break is 
connected, produces the pressure on the wheeL The power 
of a lever, however, is neither sufficiently strong nor progres- 
sive in its action ; the screw apparatus was, therefore, adopted, 
(see fig. 102.) It is evident, that the larger the segment of the 
wheel embraced, the more powerful will the break be. 

The break acta in a more efficacious manner when it ope- 
rates on two wheels; fig. 103 represents the most simple form 
of a double break. The lever turns the crank m round the 
fixed point A, which raises the block of wood and forces it 
against the wheels. 

The break most firequently employed on the St. Germain's 
Railway is described in fig. 104. A pillow connected with 
the fi:ame of the tender supports the fixed point B, upon 
which the balance c & turns, which tightens the blocks on the 
wheels, by means of the rods df d^. The pressure is regulated 
by shifting the position of the lever L on the stop-points of 
the bar B, which increases the length of the rods, by means of 
the screws a a'. A more simple form of the double break is 
shown in fig. 105 (plate 61); it presents greater simplicity 
in its construction, and is equally effective. 

A system with wedges has also been employed, which is 
shown in fig. 106. The two uprights A A' turn round the 
two fixed points b V^ being moved by the two reversed wedges 
C D. This has the effect of either tightening or of uur 
tightening the breaks, and they are put into operation by the 
rod T, which is furnished with a screw. When the rod is 
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turned from right to left, it raises the wedges, and the wedge 
D acts upon the two bars b &', which transmit the pressure to 
the wheels by means of the blocks gg^. When they turn from 
left to right, the wedges are lowered, and C loosens the breaks. 
It will be readily understood, that this tightening and un- 
tightening occurs simultaneously. 

Stephenson has employed the check shown by 6g. 107. 
The four points a d are jointed. By raising or lowering the 
rod f, the breaks are tightened or untightened. This system 
presents every condition of strength and efficacy. 

The break adopted by Hawthorn, (fig. 108, plate 62,) for the 
tender of his engine, is much more powerful than any of the 
preceding; but it requires to be used with great caution, to 
prevent rupture. The lever h turns round the fixed point 
and moves the balance, tightening the pieces of wood against 
the wheels, by means of the two rods ^f ; so that, by bearing 
on / — a d are tightened at the lower part, and a" o!'' tightened 
at the upper part By lifting up the lever /, the action is 
reversed. The breaks do not act as long as the balance 
remains vertical, but they operate upon eight points when put 
in action, if these are applied on both sides. Their power is 
consequently very great. 

The two breaks, whose views we again give, are applicable 
to carriages and wagons. 

The break shown in fig. 109 is applied to two of the wheels ; 
by raising up the fork f^ the levers 1 1 turn upon their joint, 
assuming a horizontal position, and tighten the blocks on the 
wheels. When the fork is lowered, the levers are inclined, 
and the blocks separated from the wheels. 

Fig. 110 is composed of a balance, 6, the two ends of which 
are joined to two rods, t f. When the breaksman rests on the 
handle at the end of the lever ^ the lever t turns upon the 
fixed pointy^ and tightens the break on the wheel; the same 
movement, but reversed, is performed on the lever ty turning 
upon the fixed point/''. 

We will conclude our remarks upon the tender, by pointing 
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out the methods employed in a great number of engines of 
heating the water of the tender. There are tubular straps on- 
the feed-pipe, which receive the pipe employed in conveying 
the steam firom the top of the boiler, and returning it to the 
reservoir by means of the pumps, when they are not feeding; 
also when there is an excess of steam in the boiler, which 
occurs at the time of stopping, and in passing down the planes. 
This steam is condensed in the reservoir, and thus heats the 
water. The cock of this pipe is under the control of the 
driver : he should open it when the engine stops, and the cocks 
of the feed-pumps^ also, which will assist the valves and 
economize the iueL 

58. On the AppUcadon of the ExpansUm'Stap to Locomotive 
Engines. — The expansion-stop may be advantageously applied 
to all engines, since the effective pressure on the piston 
is never so great as that in the boiler, or, at least, excepting 
certain obstacles are encountered, K it were necessary to 
maintain an effective pressure of four atmospheres during the 
running, it would be impossible to start the trains, since there 
would not be any disposable power to overcome the m$ inertia. 
The economy of fuel is evident, from the following table: — 



Fractioiis 

of the stroke during 

which the steam acts 

at full pressure. 


Work 
produced by the appli- 
cation of the ezpanaive 
stop in a cylinder, the 
work at full pressure 
b«ng 1. 


Wwk 
of the steam detained; 
the work of the same 
steam witiiont the ex- 
pansive stop being 1. 


0-20 
0-25 
0-30 
0-35 
0-40 
0-46 
0-50 
0-60 
1-00 


0-62 

0-595 

0-66 

0-717 

0-77 

0-81 

0-86 

0-91 

100 


2-60 
2-38 
2-20 
2-05 
1-93 
1-81 
1-70 
1-52 
1-00 
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It will be seen, by this table^ that by making the slide-stop 
of an engine equal to 3-lOths of the course, for example, we 
diminish the power of the engine about a third; but as the 
consumption of steam is diminished 7-lOths, it therefore results 
that the work produced by a certain amount of steam- is more 
than doid^ied. The Talue of the stop is, therefore, very evi- 
dent 

The shifting-stop which Mr. Edwards applied so happily to 
stationary engines some years ago, and which has produced 
such good results, was the first tried with looo«notive engines. 

Fig- 111 (plate 63) gives the general detaUs of dns arrange- 
ment. The slide outside the box d, communicalang with the 
atmosphere, is fumidied witiii two entrances b, bf, the size of which 
slightly exceeds one*half that of the ports of introduction. 

The slide complete is covered by a box e, which retains its 
place by g^vity, and the action of the guide <x>nnected with 
the principal sUde^ which engagesit in its movement. 

When this cover is situated in the nuddle, the distiatmtion 
is fiiU and complete^ the same as in pther engines; i^ on the 
contrary, the stops a, and of are caught l^ the cover e, befiure 
the termination of the run of the slide, this inner cover closes 
the steam entrance ; thus the stop a closes the entrance I/^ and 
the stop a' closes the entrance 6. It will be perceived that, 
by checking the two stops more or less, and always equally, 
the slide can be detained at any point of its course. The two 
stops are united by a rod, by which they always shut equally. 
They are regulated by a long rod, terminated by a screw, 
within reach of the engine-driver, who can thus diminish or 
increase the stop when he pleasea 
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FRENCH AND ENGLISH VOCABULARY 



OF 



TECHNICAL TERMS 



Vlitti in Cngintmns; 

▲ND 

A COMPARISON OF FRENCH AND ENGLISH WEIGHTS AND 

MEASURES. 



Aoooupl^, cormected. 

Aocoupl^, coupled, 

Acier, sted, 

Adbdrence, adhesion. 

Aide^ aseisttmt. 

Air chaud, heated cwr. 

Aldse, poliehedy rowndedyjmiahed, 

AUer en arri^re, go hackuxvrd (to). 

Aller en avant, goforuxurd {to), 

Altematif, reciprocaitmg. 

Angle droit, right amgle. 

Anthracite, An^Uira^dte, 

Appareil, appanxtue. 

Appendices, a/ppendagea. 

Argat, ccmted. 

Arguille, atoitch, 

Arbre, eprndle^ ihcbft, or aode. 

Armature, bras, a/rm. 

Armature du tiroVf- v€UveJitting8. 

Arr^te, stop. 

Articular, jointed. 

Articulation, joint. 






Aspirer, rar^er, suck (to), 

Ass^ment, drainage. 

Assemble k montaise, morticed. 

Assist, Hfi, stage. 

Atelier, workshop. 

Attach^, calU, fastened. 

Avance du tiroir, lead of the 

slide. 
Axe, axis. 

Axe goujon, spindle. 
Axe coud6 ou k manivelle, crcmked 

aode. 
Axe en T k deux leviers oppos^, 

cross axle. 

Baisseau, btisheL 

Balance k ressort, spring balcmce. 
Balancement, balancing. 
Balander, bea^n. 
Balancier k vis, screw-lever. 
Baleine, moveable earthwork scaf- 
fold. 

L 
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VOCABULABY OF TECHNICAL TERBiS. 



Balancement de Tayaiit k Tamere^ 

averbalcmcing. 
Balustrade, tT&llagey fence. 
Banc, 8tr<Uum^, 
Bandages des roues, tvrea of the 

wheels. 
Bandes plates, plcUe radls. 
Bandes faillantes, edge rcdla. 
Bandin, ou honrrelet, Jkmge. 
Banquette, ledge upon the face qf 

a slope'. 
Barbell, spiked. 
Barrier, fencing. 
Barres, ba/rs. 

Barres du foyer,>e^ar«. 
Barre plate, ./^ har. 
Barre ronde pli^, bent rod. 
Bielle, connectrng-rod. 
Bloc de bois, calle, block. 
Bois, iDood. 
Boite, box, 
Boite Ik feUfJire-box, 
Boite k fumee, smoke-hox. 
Boite h, huile, oil-cup. 
Boite h vapeur, steami-chest. 
Boite des tiroirs, slide-box. 
Boite de roue, chai/r of a wheel. 
Bomb6e, rounded. 
Borne milliare, milestone, 
Bouchon, plug. 
Bouchon en plomb, lead-plug. 
Boule, ou boulet, baU. 
Boulon, boU. 
Boulon^, bolted. 
Bras, armature, cmns. 
Bride, strap, stirrup, lug,JUlet. 
Bride de bascule, tilting fillet. 
Bronze, ~6ra««. 
Brouette, baarov). 
Broncard, shc^, or dide piece. 



Burin, ciseau, chisd. 

Cadre,yram«. 
CAge,Jr(wie, gate, groove. 
Cahir de cbarges, spec^icaUon. 
Caisse It fum6e, smoke^box. 
Cal6, wedge, or quoin, foMen {to). 
Calle aJbts<ih6,fsutened 
Calle, bloc du bois, block, 
Calorique rayonnent, radiating 

heat. 
Carryer, forge iron, or haamner 

iron {to). 
Canaux, ca/nals. 
Cayilier, earthen parapets. 
Cavity, entaille, groove, 
Cendres, cinders. 
Cendrier, ash-pan. 
Centre, centre. 
Cercle, ring. 
Cercle, virole, hoop. 
Chaine, chain, 

Chaine sans fin, endless chain. 
Charbon, coal 
Charbon de terre, ) 

houille, I 

Chaleur, heal. 

Chamber de vapeur, stea/mrche^. 
Chambre de vapeur, steam-room. 
Champon, spike. 
Changement de voie, changing 

place on railways. 
Chape, guide-strap. 
Charge, load. 
Chami^res, hinges. 
Charpentier, carpenter. 
Chassis, cadre, frame. 
Chassis exterieur, oulside frame. 
Chassis interieur, 



sear-coal. 



traverses. 



> insvdeframs. 
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Chaude, heats. 

Chaudi^re, boUer. 

Chauffey ykmoce. 

Chauffeur, fire-mam^ 

Chauss^e, road, 

Chautier, a giUlet, or single working 

m earthwork ; also a ya/rd. 
Chemin de fer, railway, 
Chemin, voie, way^ or line. 
Cheinm6ey chMnmsy. 
Cheville, iron pin. 
Cheyillette, spike. 
Chock, j'arA;, shock. 
Ciseau, burin, chisd. 
Clapet, tiroirs, ) ^ 

soupapes j 
Clavette et oontre clavette, gih and 

cottar. 
Clavette, pin. 
Clef, key. 
C14s de calage, tightening and 

wedging keys. 
Cloture, fencing. 
Cloures, dosing orjointvng. 
Clouteric, spikes. 
Coin, wedge. 

Coin de serrage, tightening wedge. 
Collet, coUanr. 
Collier, coUofir. 
Coltenage, conveying. 
Combustible, Jud. 
Couche, Uft in earthwork. 
Cond^, hent or cranked. 
Condensation, ^ 

etat d'aggr^gation 

de la vapeur, 
ramen^ it T^tat 
liquide. 
Conducteur moteur, driver. 
Conducteur de convoi, guard 



condensa- 
tion. 



Conducteur de machine, engine^ 
many or driver. 

Conduit d'echappement, blast-pipe. 

Conduit en entonnoir, Jmrnel-pipe, 

Conduit de distribution, pipe of 
distrilmtion. 

Conique, conical. 

Constructeur, builder. 

Contre-rails, guardrails. 

Contre-poids, counterpoise. 

Comi^re, angle^on. 

Corps de pompe, barrd of a ptump. 

Coton, m^che de coton, cotton. 

Couler, cast or melt (to). 

Coupe, section. 

Course, alternation, ( " deux 
courses," make one stroke.) 

Coude, crank. 

Coup de piston, stroke of the 
piston. 

Coup d'arri^re, back stroke. 

Coup d*ayant,ybrd stroke. 

Counterfort, counterfort, shoulder, 

Courbe, curve. 

Coussinet, voiture, carriage. 

Coussinet de boite k graisse, car- 
riage or grease-box; gland, bush, 
piUaw, 
Couverde d'un c^lindre, cylinder 

cover. 
Crdmailleres, rcusk. 
Crapaudine, ^^er,Julcrum. 
Crapaudine, socket. 
Crau, notch 
Crin, horse-hair. 
Crochet, hook. 

Crochet d'attelage, draw4ink. 
Croisement, crossing. 
Cube, cubic. 
Cuir, leather. 

L 2 



IV 



VOCABULABY OF TECHNICAL TERMS. 



Cuivre, copper. 

Chiisiere d'une balance, index of a 

balance, 
Cylindre, cylinder. 
Cjlindre d'egrossisseur, drawing 

ct/linder. 

Dame, rammer. 

D6 en pierre, stone block. 

Deblais, tranche, fiOing^ ctUting. 

De champs, edgeways. 

D^chat, ivear and tear. 

Degr^s, degrees. 

Dent d'un roue, cog {of a wheel). 

Descente, descent. 

D^sembrayer, disengage. 

D^en(nr6n6es, ) ,. , 

Dess^chement, draining. 

Dds, block. 

Detente, trigger or stop (applied to 
the expa/nsuyn-stop). 

Diam^tre, diaan/eter. 

Diam^tre ext^rieur, dia/meter ovi- 
side. 

Diam^tre int^rieur, diameter in- 
side. 

Dimension, superficie, size. 

Double-fonds, chuble casing. 

Doublure, lining. 

DvTianometre, ) , . 

^, , , ' > dynanometer. 

Mesure deforce, j 
Douille, socket. 

Eau, water. 

Eboulement, dip. 

Ecartement des points d*appui, 

bea/ring. 
Echafaud, scaffold for discha/rgvng 

eojrth. 



Echalat, stay. 

Echappement, perte, escape. 

Echappement de vapeur, ptff, or 
steaan-pvff. 

Echelle, sccde. 

Echelle gradu^e, gradiuzted Scale. 

Ecrou, ntU, or ntU-box of a nut, or 
female screw. 

Effort, choc avec frottement, 
sVram. 

Jigal, equal. 

Egout, sewer or dradn; also the 
ea/ves of a house. 

Elasticity, elasticity. 

Embrayer, engage {to). 

Emboutissage, Hveting. 

Emission, edtusHon. 

Emmanchement, joint. 

Emprunt, a side-cvMing. 

En arri^re, backioards. 

En Avant, foruHxrds. 

En r^gie, by valtuUion. 

Encardrement, fram^ing or curb- 
ing. 

Enclauch^ placed or connected 

Enclume, anvU. 

Encoche, notch. 

Encoche, oeil, eye. 

Engrenages, roues dent^es, cog- 
wheels. 

Entaille, notch. 

Entaille, cavity, trou, groove. 

Entndne, engage (to). 

Entreprenneur, contractor. 

Entretoise, tie-Mt. 

Equerre, squa/re. 

Equerre en fer, iron knee. 

Escalier, staircase. 

Espace, space. 

Essieu, ctxle or aaletree. 
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Efisieu coude, cramked axU, 
Etanche, contenant I'eau, water- 

tight. 
Etanche de yapeur, contenant la 

vapeur^ atea/mrtight. 
Eteindre, extinguish {to). 
Etoupe, hemp. 

Etangon, 8?u)re, Hay, or stop. 
Etais, gtat/8. 
Etriers, stirrups. 
Excentrique, eccenb%c. 
Exp^ence, experi/mevU. 

Fascines, ou bouveaux, fascines, 

cradles, 
Fer, vroTh. 

Fer brut, coarse iron. 
Fer de font, cast iron. 
Fer ou forgd, wrawght iron. 
Fer martel^, ha/nvmered iron. 
Fer liming, rolled iron. 
Fer ball^, bar iron. 
Fer-m^plat, fiaJtrvron, 
Ferm^, shvJb. 
FrotteiiAent, friction. 
Ferrules, iron work. 
YevLyfre. 

Feuilles, sheets or haloes. 
Filet d'une y\&, flame. 
Flamme,./?am6. 
Fl^che, arrow. 
Fond, bottom. 
Fonte, cast iron. 
Force acc^l^ratrice, occeleraMng 

force. 
Force 61astique, tension, elastic 

force. 
Forgeron, smith. 
T0696 d'ecoulement, drain. 
F0S8&, ditch. 



Fouille et charge, getting and 

boarding. 
Fourche, fork. 
Fonte, cast meted or brass. 
]f rais^, countersunk J plait, rose. 
Fraisement, starling. 
Frein, break. 
Frette, tire of a whed, frame, 

ferrule. 
Fusee, gudgeon. 

Gfabarit, gauge. 

(Valerie, footboard. 

Q^et, friction roller. 

GQTde-CTotte,^splasIier. 

Gare, station. 

Qargouille, smaU drain. 

Qamiture de voite d'etoupe, pack- 

ing. 

Gkkz, gas. 

Glissoires, tiroirs, slides. 

Gootet, cup. 

Goujon centra], centre pin. 

Goujon, gudgeon, pin. 

Goupille, pin. 

Gouttiere, guUer or trough. 

Grandes traverses, ) . , , 

_x J -J > wefighrbars. 
supports du poids, J 

Grillage, graiing. 

Grille du iojGr,fre-grate. 

Qirdres glissoires, girders. 

Griffe, claws. 

Grue, crane. 

Hangar, shed. 
Heure, hour. 
Helix, spiral. 

Hommes qui ag^ssent sur les 
freins, breakmen. 
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Houille^ charbon de terre, sea^coal. 
Huile, ail. 

Indemnity, compeTiatUum, 
Ing&ieur, engineer. 
Interieur, inside. 

Jantes de roues, ri/me (qfwhede.) 

Jet, jalissementy jet. 

Jet de melange d*eau et de va- 

peur, prvmi/ng. 
Joints h, boule, tmiverscU joints. 

Lame, edge. 

Laminage, rolling. 

Langrine, deefper. 

Largeur, width. 

L'eau entrain^, priming. 

Levier, Ufoer. 

Levier de reversement de la dis 

tribution on leviers de d^chach- 

ment, reversingy or homd-gea/r. 
Ligne, line. 
Ligne droit, right line. 
Livres Anglaises, pounds avoidu- 

pois. 
JAvre, pou/nd, lb. 
Longueur du coup ou course, 

lefngOi of stroke. 
Longuerines, longitudinal beams. 
Loquets k ressort, spring-latch. 
Lumi^res, steamirports. 
Lumi^re d'introduction, port of 

introduction. 
Lumi^re d'ecbappement, port of 

^capeffMvU. 

Machine, CTigvney or machine. 
Machine it planer, pla/nmg ma- 
chine. 






Macbines fix^s, stationary engines. 
Machines il quatre roues, faw- 

wheded engines. 
Machines a six roues, six-wheeled 

engines. 
Machine il yapeur, steam engine. 
Machine locomotif, locomotive 

engines. 
Madrier, a thick pUmk. 
Mancbon, coUa/r, m,uff. 
Manette, hamdle. 
Manivelle, cramky or cramk-ofrm. 
Manometre il mercure, mercurial 

gauge. 
Manton, rammer. 
Montant, uprightpiece, s^HsyOr joint. 
Marchandize, goods. 
Marche d'escalier, step {of a stair- 
case). 
Marcbe en arridre, retrograde motion 
Marche en avant, fortvard motion. 
Marteau-pilon, tiU hamaner. 
Materiaux, materials. 
Mecanisme, mechamism. 
Mdche ^ siphon, syphonrwick. 
M^che de coton, cotton^wick. 
Membrur es, stiles y rails, or framing. 
Mecanicier oonducteur de machine, 

engine m/cun. 
M&ure du niveau de l'eau, vxiJter- 

goM^e. 
Mille (1 609 metres), mUe. 
Minutes, mi/nvJtes. 
Mi-plat, ban'-iron. 
Miter oblituration conique, mii/te. 
Moteur conducteur, driver. 
Mouvement, travail, work. 
Mouvement altematif, akemaJte 

motion. 
Moyeau, no,ve. 
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Nervures, mofiMvngi, 
Niyeauy lend, 
Nivelete, a lend, 
Noj^, let in, (xnmt&ratmk, 

Orielle, legs, earjneoey cheek, eocket. 
Orifice de nettoument, nvud holes, 
Ouyerture, ndnure, opening, aper- 

Pure. 
Ouverture d'un arche, epcm. 
Ouverture, ou conduit de vapeur, 

steamrport, 

Palier, support-crapaudine, Jitl- 

orum, standard. 
Palier, pillow, or bracket, also the 

la/nding of a stai/recue. 
Parcours d'nne ligne de chemin de 

fer par an conyoie, trip. 
Parol, easing, side. 
Partie frottement, p(»rt injriction. 
Paasagenr, vojageur, traveller. 
Passage de neveau, levd erossing. 
Pautre, beam, girder. 
Pelle, spade. 
Pesage, weight. 
Pesanteur, gravity. 
Feaie,/all, or /ailing gradient. 
Piece il culotte, tuyau bifdrque, 

breeches-pieee. 
Hdce croisse, cross-piece. 
Tiedf/oot. 

Pied carr£, sqvuvre/oot. 
Pied cube, cMcfoot. 
Pierre, stone. 

Pierre de taille, ou/rb-stone. 
Pignet, picket. 
Pignion, pinion. 
Pilot, pile. 
Pince en fer, craw-ha/r. 



Pioche, pick-aaie, mattock. 

Fkton, piston. 

Pivot it crapaudine, socket. 

Pivot, pivot. 

Plan inclin^, indined plane. 

Plan automoteur, sdf -acting plane. 

Plancher, supporting pla/nk. 

Plat-band, fiOet. 

Plateau, platform. 

Flaqu^ toumante, tfwrnrplate. 

Plaque, plate. 

Plomb, lead. 

Flongement, action des machines 
de plongeur sur les rails, pitch- 
i/ng, jtmhping. 

Plongeur, plunger. 

Poids, mom/entmn. 

Pompe, pwmp. 

Pompe B^mentsm, feed pump. 

Pompe aspirante, suction pwmp. 

Pompe foulante,,/^>mn^-jEm'mp. 

Ponceau, culvert. 

Pont, bridge. 

Port il isxa^ false bearing. 

Porte, door. 

Portes de la botte a fum^. smoke- 
box doors. 

Pose et entr^en, Uvying and 
maintaining. 

Poseur, plate la/yer. 

Pouce, tncA. 

Poulies, pulleys. 

Pression, pressfu/re. 

Prise de vapeur, steam entrance, (yr 

entrance pipe. 
Prix de revient, coH price. 
Puissance calorifique, heating 

power. 
Puissance d'evaporation, evaporat- 
ing power. 
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Puissance en cheyaux, horsepower. 
Puisard an puits absorbents, ah- 
aorbing, or dry well. 

Quadrante, quatre de cironf6rence^ 

quadrcmt. 
Quantity, qiumUty. 
Quarr6, square. 
Quintal, cwt. 
Queue d'aronde ou d'hirondelle, 

joggle, dovetailed tenon. 

Baide, stiff. 

Baies (d*un roue), spokes. 

Baies creuses, tubular spokes. 

Bail ^ champignon, the T edge raU. 

Bails-evidee, bridge-rails. 

BMis-jmdvl^&fJish-bellied rails. 

Bainure, groove. 

Bainure et longuette, plough and 
tongue. 

BAmpey/aU, or falling gradient. 

Bangle, row. 

Banchat, pin. 

Bajon, raditts. 

Bayon de oourbe, radius of curva- 
ture. 

Hehordf JUmge. 

Bebord des bandages des roues, 
Jkmge of the tires. 

Beoouyrement du tiroir sur les 
lumi^res, overlap. 

B^galage, levelling (in earthwork ) 

Begistre, damper. 

Begles, rules. 

Begulateur, robinet d'entr6e de 
vapeur, regulator. 

Begulateur de vapeur, steam regur 
later. 

Bemainement, leading and dis- 
charging (in earthwork.) 



Bemblai, embankment, filing. 

Bemise, sl^ed. 

Bemonte, ascent. 

Benflement central, centre boss. 

Beparation, repair. 

B^sistance, resistance. 

Bessorts, springs. 

Reunion, conneooion. 

Biblous, scrap-iron. 

Rigole, d/rain. 

Biv^ riveted. 

Bivets, ri/vets. 

Bobinet, cock. 

Bobinet k deux eaux, two-way cock. 

Bobinet d*essai des pompes (petit 
robinet), pet, or trial cock. 

Bobinet dessai ou de vidange avec 
pression de vapeur, blow-offcock. 

Bobinet pour m^surer le niveau, 
ga/uge-cock. 

Boucouvrement, overlap. 

Boudelle, washer. 

Boues, wheds. 

Boues acooupl6s, wheds coupled. 

Boues dent^ engrenager, cog- 
wheels. 

Bouleau, roller, cylinder. 

Boute, road. 

Sable, baJJUui. 

Saill6es, projectums, cheeks. 

Salaire, wages. 

Samelle, flai foot. 

Sapin,^, or pine u)Ood. 

Scellement, fastening. 

Scie, saw. 

Sediment, incrustation dep6ts, sedi- 

menJb. 
Segmens, parties d'un cerde, seg- 

ments. 
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Si^gedelasoupapej«ea< ofthsvcbhe. 
Sifflet, ivhistle. 
Siphon, syphon. 
Socle, crapaudine, socket, 
Soud^, wddedj soldered. 
Soupapes tirois, clapets, valves, 
Soupapes de sdret^, safety-vaifoes. 
Soupapes fix6, lock up safsty-valoe, 
Soupapes variable, ordincMry sctfety- 

valve. 
Soutemain, Punnd. 
Station pour alimentation de Teau, 

tocUerifig station. 
Suif, tallow. 
Support, jptflar. 
Surface, area. 

Tache, task-work. 

Taillant c6t^ de champ, angle, edge. 

Taill6 en chamfrein, chamfered. 

Talus, slope of a hamk. 

Tampon, buffer. 

Taraud, screw, tap, or tapped. 

Tarier, auger. 

Tacquet, deat, or peg. 

Tasseaux, brackets, or supports. 

Terrassement, earthwork. 

Terrassier, namgator. 

T^te d*une tige, head of a rod. 

TStes crois^es, t^tes de bielle ou 

de tige, cross-heads. 
Tige des tiroirs, slide-rods. 
Tige du piston, piston-rod. 
Tige k levier, lever-rod. 
Tirage, dranight. 
Tirans, ribs. 
Tirans ou barres d'excentrique, 

eccerU^rods. 
Tiraut, boU, or holdfast. 



Tissu d'en chauvre, hemp cloth. 

Tiroirs glissoires ou coquiUe, slides. 

Toile, ca/nvass. 

Tole, sheet, or plate iron. 

Tdle fer en feuilles, wrought pUUes, 

sheet iron. 
Tombereaux, ca/rts. 
Tonne (100 k),«cw. 
Tourillon, turning piece, gudgeon, 

pivot. 
Traction, haulage. 
Train poids remoyn6, train. 
Tranche, deblais, cvMng. 
Tringle, rod. 
Trottoir, platform. 
Traverse, sleeper, cross-sleeper, or 

iron, SfC. 
Treillage, pacing, or hwrdle. 
Trou, cavit^, entaille, groove. 
Trou d*homme, mofn-hole. 
Tube, <i«6& 

Tube de verre, glass-ttibe. 
Tujau ou conduit, pipe. 
Tujau h vapeur, steams-pipe. 
Tu jau biferque, breeches piece, 
Tujau d'aspiration, suGtiorirpipe. 
Tuyau d'echappement de vapeur, 

Uast-pipe. 
Tuyau d'embranchement, branch- 

vngpipe. 
Tuyau de sortie, delivery-pipe. 
Travail, mouvement, work, 
Travailleurs ou roues metrices, 

driving-wheels. 

Usure, loeao'. 

Usine, works. 

Yoie d'^vitement, siding-place. 

Vanne, haJtckJlood or toater-gate. 
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Yapeur, «(eam. 

Yaz et vient ou mouvement alter- 

natif, altemating movement. 
Venteaux, gcUea. 
Verge, rod. 
Verre, glcLss. 
Yirole, ferrule. 
Vis, screw, or he-screw. 
Viss^, screwed. 
Vis de pression, force-screw. 
Vis de serrage, tightening'-screw. 



Vitesse, vdodty, speed. 
Voie, wa/yor line ofraMs. 
Voie d^finitif, 'permwnffnA way. 
Voie proyisoiie, temporwry way. 
Voies de changement et de change- 
mens dans lee stations, sidings. 
Voiture, cwrriage. 
Volant, Jly-tokeel. 
Voyage, trip. 
Voyageur, passenger. 
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COMPARISON OF FKENCH AND ENGLISH 
MEASURES AND WEIGHTS. 



THE MODEBN SYSTEM— (DECIMAL). 



MEASURE OP LENGTH. 







K^\^ M.\ 


1 

BoKliah Yards. 


Imperial Incbet. 


Milli-metre 


•001 




or -0010936 


— or 039371 


Centi-metre 


•01 




•010936 


•39371 


Ded-metre 


•1 


— 


•10936 


— 3-9371 


Metre 


1- 




10936 


— 39-371 


Deca-metre 


10- 




10-936 


— 393-71 


Hecto-metre 


100- 





109-36 


— 3937-1 


Kilo-metre 


1000^ 




1093-6 


39371- 


Myria-metre 


10000- 




10936- 


— 393710- 



The Metre^ or unit of length, is the ten millionth part of the 
terrestrial arc (from the equator to the pole). 

One Metre is equal to 10936 yards, or 3-2809 feet, or 30-371 
inches. 

One Myria-metre is equal to 6 miles, 1 furlong, 28 poles, and 2^ 
yards. 



NoTX. — The Ded-metre, Centi-metre, and Milli-metre are respectiyely formed 
by dividing the metre by 10, 100, 1000, and the Deoa-metre, Heoto-metre, Kilo- 
metre, Myria-metre by mnltiplying the metre by 10, 100, 1000, and 10,000. The 
other measures and weights of the decimal system are formed in the same manner 
from their respective units. 



XU COMPARISON OF FBENCH AND ENGLISH 



MEASURE OF SURFACE. 

Milli-are 155* square inches. 

Centi-are 10-764 square feet. 

Deci-are 11 *96 square yards. 

Arb 119-6 „ „ 

Deca-are 1196* „ „ 

Hect-are 2*472 acres. 

The Are, or unit of square measure, is equal to = 1 square deca- 
metre. 



MEASURE OF SOLIDITY. 

Milli-stere 61-028 cubic inches. 

Centi-stere 610-28 „ „ 

Deci-stere 3-5317 cubic feet. 

Stere 35-317 „ „ 

Deca-stere 13-08 cubic yards. 

Hecto-stere 130-8 „ „ 

KiloHstere 1308- „ „ 

The Stere, or unit of solid measure, is equal to = 1 cubic metre. 



MEASURE OF CAPACITY. 

Milli-litre -061028 cubic inches. 

Centi-litre -61028 „ „ 

Deci-litre 61028 



99 99 



Litre 61-028 or 1-761 imperial pints. 

Decalitre 2*2 imperial gallons. 

Hecto-litre 2 -75 imperial bushels. 

KQo-Htre 35-317 cubic feet. 

Myria-Htre 35317 „ „ 

The litre, or unit of measure for liquids, is equal to = 1 cubic 
deci-metre. 



MEASUBES AND WEIGHTS. XIU 

MEASURE OF WEIGHT. 

Milli-gramme '015434 grai ns troy. 

Centi-gramme '15434 „ „ 

Deci-gramme 1-5434 „ „ 

Gramme 15.434 „ „ 

Deca-gramme '32154 oz. troy. 

Hecto-gramme 3*2154 „ „ or 3 527 oz. avoird. 

Kilo-gramme 2-6795 lbs. troy, or 2-2048 lbs. avoird. 

Myria-gramme... 26-795 „ „ or 22 048 „ „ 

The Gramme^ or unit of weighty is equal to = 1 cubic oenti-metre 
of distilled water m vacuo at its maximum density, or 39^ Fahren- 
heit. 

The French quintal equals 1 cwt. 3 qrs. 24^ lbs. 

The French millier or bar, 9 tons, 18 „ 3 „ 12 „ 



THE OLD FRENCH SYSTEM— (SYSTEM USUEL.) 

MEASURE OF LENGTH. 

Ligne 0-091 inches English. 

Pouce = 12 Lignes 1093 „ „ 

Pied = 12 Pouces 1312 „ „ 

Aune = 3|Pieds 3-937 feet English. 

Toise = 6 Aunes 6-562 „ „ 

The Aune is equal to = 12 decimetres. 

The Toise is equal to == 2 metres. 

One Post League is equal to = 4263 yards (English). 



MEASURE OF CAPACITY. 

Litron ... 1-376 imperial pints (English). 

Baisseau... 2*7515 „ „ or nearly 1| imp. pecks (English). 



XIV MEASUBES AND WEIGHTS. 



MEASURE OF WEIGHT. 

Grain -837 grams. 

Gros =72 grains 60285 „ 

Onoe = 8 gros 1*1024 oz. ayoird 

Liyre = 16 onces 1*1024 lbs. avoird. 

The Livre is equal to = 500 grammes. 



XV 



COMPAEISON OF ENGLISH AND FRENCH 
MEASURES AND WEIGHTS. 



MEASURE OF LENGTH. 

Inch 2-539 oenti-metres. 

Foot = 12 inches 30479 deci-metres. 

Yard = 3 feet 0-91438 metres. 

Mile = 1760 yards, 1609-31 metres. 



MEASURE OF SURFACE. 

Square inch 6-444 square centi-metres. 

Square foot = 144 sq. ins 9-2903 square deci-metres. 

Square yard == 9 sq. feet 0-83697 square metres. 



MEASURE OF CAPACITY. 

Cubic inch 16-3052 cubic centi-metres. 

Cubic foot = 1728 cub. ins. ... 28-314 cubic deci-metres. 
Cubic yard = 27 cub. ft ... 764*58 „ „ 

Pint '55 „ „ 

Oallon = 8 pints 4*404 „ „ 

Bushel 35-238 „ „ 



XVI MEASURES AKD WEIGHTS. 



MEASURE OF WEIGHT (AVOIRDUPOIS). 

Once 28*338 grammes. 

Libra (lb.) = 16 oz 453- „ 

Cwt =112 lbs 50-796 kUogrammes. 

Ton =20 cwt 1015-938 „ 



The French bring everything to the decimal standard ; thus, a 
railway grade is described either as a '* rise** or ^ Mr of so many 
milli-metres or centi-metres, meaning so many milli-metres or centi- 
metres per metre : — ^thus, 

A .grade of 4 milli-metres per metre is 1 in 250. 

9f >» 

99 99 

M » 

» 9) 

» » 

» 99 



5 milli-metres 


99 


99 


1 in 200. 


7 milli-metres 


99 


99 


1 in 143. 


11 milli-metres 


99 


99 


1 in 90. 


14 milli-metfes 


99 


99 


1 in 70. 


15 milli-metres 


99 


99 


1 in 67. 


4 centi-metres 


99 


99 


1 in 25. 


5 centi-metres 


99 


99 


1 in 20. 


14 centi-metres 


ti 


ft 


lin 7. 
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